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INTRODUCTION 
The basic problem in recent years of communicating 
between ground instrumentation and high-speed missiles in 
flight has stimulated research and development into the the-
ory and application of slot antennas in cylindrical bodies. 
This study is concerned with a specific application of slot 
antennas to a ballistic missile for Command Destruct purposes. 
A Command Destruct System is one of ground and air-borne 
instrumentation whereby the Missile Test Range Safety Officer 
can destruct a missile on command at anytime during the 
flight of the missile if it becomes necessary to do so to 
insure the safety of life and property. The launching of 
missiles, particularly of the ballistic variety, creates a 
potential hazard which can have drastic effects if no 
provisions are made for either command- or self-destruction 
in case the flight becomes erratic. Missiles which are 
guided in flight, such as the radar-beam-rider, usually 
incorporate a self-destruct or fail--safe system which 
automatically destructs the missile if guidance control is 
lost or if the over-all system malfunctions. This type of 
destruct system is commonly used in missiles such as the 
Terrier and the Tarter, whereas the Command Destruct System 
is commonly used in missiles such as the Atlas, the Thor, 
and the Snark, which have either inertial or radio-command 
control guidance systems. 
1 
A typical Command Destruct Ground Control System 
consists of an AN/FRW-2* Transmitter with three or more 
audio-frequency coders, an appropriate antenna system, a 
monitoring recorder, and a desensitized receiver and 
decoder. A second AN/FRW-2 transmitter is used as a 
standby in case the first one malfunctions. The power 
radiated is normally between 500 and 1000 watts; however, 
some installations boost the maximum power output to 
2 
10 kilowatts for long-range operations. Also, down-range 
ground stations are used with the control functions switched 
from one range safety officer to another as the missile 
trajectory dictates. Usually, the ground-station radiating 
antenna system is designed to give circular polarization 
and to provide omnidirectional coverage, since the ability 
to communicate with the missile in any orientation or 
direction relative to the ground station is essential. The 
carrier output is frequency modulated by subcarriers which 
may range in frequency from about 7 to 80 kilocycles. 
A typical air-borne Command Destruct System consists of 
a missile antenna system, an ultrahigh frequency receiver 
decoder and power supply, and one or more explosive destruc-
tor assemblies including arming and firing devices. 
The various missile test ranges in the United States 
have recently agreed that Radio Command Destruct Systems 
will operate in the ultrahigh frequency spectrum between 
*Radio Remote Control Transmitting Set 
406 and 550 megacycles. The specific frequency to be used 
by a particular test range for a given missile is assigned 
by the area frequency coordinator. The test ranges have 
also agreed that the ground control equipment will be so 
standardized that a given missile may be test fired from 
any of the test ranges without experiencing problems of 
incompatibility with the ground control equipment. 
3 
Slot-type radiators for the missile antenna system are 
particularly adaptable to that portion of the ultrahigh 
frequency spectrum designated for Radio Command Destruct 
Systems. Also, the slot antenna has the advantage that it 
can be made flush with the outside surface of the missile, 
thereby eliminating aerodynamic disturbances associated with 
protruding designs. 
STATEMENT OF PROBLEM 
The objective of this study is to develop the theoretical 
far-field radiating characteristics of a particular Command 
Destruct Missile Antenna System under certain idealized con-
ditions, and then by use of the reciprocity theorem to com-
pare the calculated results with experimental antenna 
reception data. Most engineers seem to favor the experi-
mental method for determining radiation-pattern characteris-
tics of antennas other than simple dipoles and ~here the 
geometrical configuration of the body on ~hich the antenna 
is located is complex. This practice challenged the author 
to investigate the theoretical approach for an idealized 
model capable of explicit solution by analytical and numeri-
cal methods. 
The particular missile antenna system under study con-
sists of two circumferential slots of the type illustrated 
in figure 1. The two slots are mounted diametrically 
opposed on a cylindrical portion of the missile body at a 
longitudinal position approximately in the middle of the 
~arhead section. Each slot is dielectric loaded to reduce 
the physical slot length at the specified operating fre-
quency to a length that is compatible ~ith the available 
circumferential space on the missile while maintaining the 
characteristics of a one-half wavelength slot. Figure 2 
shows a perspective view of both antennas and the 
4 
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interconnecting coaxial cabling. The output signal from 
the tee connector is fed directly to the input of the ultra-
high frequency receiver by a 50-ohm coaxial cable. The 
diameter of the missile is 13 inches at the location of the 
antenna system. 
For background information, the operational requirements 
for the Command Destruct Antenna System specify that the 
desired far-field radiation pattern coverage shall be as 
nearly isotropic as possible, with the maximum null depth 
not greater than -12 decibels below an isotropic (dipole) 
pattern. From a practical standpoint, it is generally 
considered acceptable if at least 95 per cent of the total 
spherical area surrounding the antenna system meets this 
requirement. Also, the voltage standing-wave ratio shall 
not exceed 2.0 with the antenna system terminated in a 
50-ohm load. The operating frequency is specified as 
445 megacycles, and the bandwidth at the 3-decibel points 
shall be not less than ±2 megacycles from the center 
frequency. The aerodynamic requirements prohibit protruding 
antennas, thus making a flush or near-flush design mandatory. 
The environmental requirements necessitate that the antenna 
be capable of operating over a temperature range from 
-65 to +300 degrees Fahrenheit while being subjected to 
missile vibration. Also, the system must operate satisfacto-
rily immediately after emergence from salt water. 
The space limitations within which the Command Destruct 
Antenna System is required to fit and the operating frequency 
necessitate that dielectric loading be used to reduce the 
physical size of the equivalent free-space one-half wave-
length slots. Even with dielectric loading, the Command 
Destruct Antenna System can consist of only two antennas 
without interfering with the other two antenna systems 
6 
and the instrumentation package. The final Command Destruct 
antenna design configuration is illustrated in figure 3. 
It consists of a rectangular box approximately 5 1/2 inch~s 
long by 1 inch wide by 2 inches deep at the center of the 
box where the 2-inch dimension is tangent with the arc formed 
by the missile surface. The inside of the box forms the slot 
cavity which is filled with a dielectric loading material 
composed of 70 per cent titanium dioxide and 30 per cent 
epoxy base. The slot has a thin metal projection about 
1 inch wide by 1/16 inch thick which projects across the slot 
at the center except for a gap about 1/8 inch wide. This gap 
serves the function of capacitive loading and provides a 
means of tuning the slot to the desired resonant frequency by 
controlling the gap width. Electrical coupling is made by a 
coaxial fitting positioned near the bottom of the box on the 
vertical centerline. The center conductor of the coaxial 
fitting extends across the width of the cavity which termi-
nates in a connection soldered to the opposite wall. The 
coupling is located to give the best impedance match to a 
50-ohm cable. 
Two slots of the above type are mounted diametrically 
opposed about 32 inches from the missile nose. The complete 
necessitate that dielectric loading be used to reduce the 
physical size of the equivalent free-space one-half wave-
length slots. Even with dielectric loading, the Command 
Destruct Antenna System can consist of only two antennas 
without interfering with the other two antenna systems 
6 
and the instrumentation package. The final Command Destruct 
antenna design configuration is illustrated in figure 3. 
It consists of a rectangular box approximately ' 1/2 inch~s 
long by 1 inch wide by 2 inches deep at the center of the 
box where the 2-inch dimension is tangent with the arc formed 
by the missile surface. The inside of the box forms the slot 
cavity which is filled with a dielectric loading material 
composed of 70 per cent titanium dioxide and 30 per cent 
epoxy base. The slot has a thin metal projection about 
1 inch wide by 1/16 inch thick which projects across the slot 
at the center except for a gap about 1/8 inch wide. This gap 
serves the function of capacitive loading and provides a 
means of tuning the slot to the desired resonant frequency by 
controlling the gap width. Electrical coupling is made by a 
coaxial fitting positioned near the bottom of the box on the 
vertical centerline. The center conductor of the coaxial 
fitting extends across the width of the cavity which termi-
nates in a connection soldered to the opposite wall. The 
coupling is located to give the best impedance match to a 
'0-ohm cable. 
Two slots of the above type are mounted diametrically 
opposed about 32 inches from the missile nose. The complete 
7 
missile including propulsion motor is approximately 21 feet 
in length and has the external contour illustrated in 
figure 4. The Command Destruct System must be capable of 
operating during the acceleration phase when the propulsion 
unit is attached and also after the unit is separated from 
the primary missile. 
THEORETICAL CONSIDERATIONS 
Review of Related Work of Others. 
A review of the related work of others reveals that 
many years ago Watson 1 showed how the harmonic series repre-
sentations for fields in the case of a source near a large 
sphere--1·~·· radio wave propagation over the earth--could 
be rigorously transformed by a contour integral into a highly 
convergent form suitable for use in the "shadow'' region. 
Bremmer2 extended the application of this transformation 
procedure to obtain what is known as the residue series. He 
also showed how the integral representations for the field 
could be evaluated by the saddle-point method and showed that 
this method led to geometrical-optics representations suit-
able for the "illuminated" region. others have applied the 
same general techniques to the isolated cylinder problem. 
For instance, Papas3 derived expressions for calculating 
radiation patterns from a single transverse slot cut in an 
infinite-length, perfectly conducting, circular cylinder 
when the assumed tangential electric field in the slot has 
1G. N. Watson, "The Diffraction of Radio Waves by the 
Earth", Proc. Roy. Soc. London, vol. A95, pp. 83-99, 1918, 
vol. A95, pp. 546--563, 1919. 
2H. Bremmer, Terrestrial Radio 'Waves, Elsevier 
Publishing Co., Inc., New York, N.Y., 1949. 
3c. H. Papas, "Radiation from a Transverse Slot in an 




only an axial component. At about the same time Pistolkors4 
obtained essentially identical results independently in 
Russia. Wait and Kahana5 extended the results obtained by 
Papas and Pistolkors to include radiation patterns for the 
cross-polarized component of the radiation field and demon-
strated that this component is zero in the equatorial plane. 
This work is confined to cases in which the diameter of the 
cylinder is between one-half and two wavelengths. Extensive 
programed computations were made by Wait and Kates6 to deter-
mine the theoretical radiation patterns produced by thin 
one-half wavelength circumferential slots cut in circular 
cylinders of infinite length with diameters of 3 to 21 wave-
lengths. Also, they considered the case of two diametrically 
opposed slots when fed both inphase and antiphase. Silver 
and Saunders7 derived general expressions for calculating 
the external field produced by an arbitrarily shaped slot 
cut in the wall of a perfectly conducting circular cylinder 
4A. A. Pistolkors, "Radiation from a Transverse Slit on 
the Surface of a Circular Cylinder", J. Tech. Phys. U.S.S.R., 
vol. 17, pp. 377--388, 1947 (In Russian):--- ----
5J. R. Wait and S. H. Kahana, "Calculated Patterns of 
Circumferential Slots on a Circular Conducting Cylinder", 
£sn. ~. Tech., vol. 33, pp. 77--97, January 1955. 
6J. R. Wait and J. Kates, "Radiation Patterns of Circum-
ferential Slots on Moderately Large Conducting Cylinders", 
Monograph No. 167R, Institution of Electrical Engineers 
(London), February 1956, republished in Proc. In!i· Elect. 
Enqrs., vol. 103, Pt.C., pp. 289--296, September 1956. 
7s. Silvers and W. K. Saunders, "The External Field 
Produced by a Slot in an Infinite Circular Cylinder," 
J. ~. Phys., vol. 21, pp. 153--158, February 1950. 
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of infinite length, where the tangential components of the 
electric field in the slot are assumed to be prescribed 
functions. In another paper Silver and Saunders8 restrict 
the case to a narrow, transverse, rectangular, one-half wave-
length slot in a circular cylinder and compare theoretical 
patterns with experimental results. Sensipur9 also derived 
formulas for accurate numerical evaluation of the radiation 
patterns from slots on large circular cylinders where the 
harmonic series converges very slowly; he treats both axial 
and transverse slots-and compares the residue series with 
the geometrical-optics techniques. 
Additional references selected on the basis of pertinence 
to the specific problem under consideration are listed in the 
biblography. Even though several authors have treated the 
general problem of radiation from slots in circular cylinders, 
an extensive literature search failed to reveal any work by 
others in which the case of a dielectric-loaded slot has been 
studied theoretically. The theoretical analysis which fol-
lows treats such a case and contributes to the general store 
of knowledge on the subject of radiation characteristics 
from slots in cylindrical bodies. 
8s. Silvers and W. K. Saunders, "The Radiation From a 
Transverse Rectangular Slot in a Circular Cylinder", J. ~. 
Phys., vol. 21, pp. 745--749, August 1950. 
9s. Sensiper, "Cylindrical Radio Waves," Trans. Inst. 
Radio Engineers, vol. AP-5, pp. 56--70, January, 1957:---
11 
Definition. of Coordinate Systems Used. 
With respect to a cylinder, the cylindrical coordinate 
system p, ~. z is used with the~ axis coincident with the 
cylinder axis and the transverse plane ~ = 0 chosen to pass 
through the center of the antenna slots. The cylinder radius 
is designated by p = ~· For the far-field analysis, the 
spherical coordinate system R, ~, 9 is more appropriate, 
where the polar axis is coincident with the cylinder axis 
and the plane a = 900 passes through the center of the 
antenna slot. The coordinate systems used in the theoreti-
cal analysis are illustrated in figure 5. The orientation 
of the antenna system, when mounted on the missile, with 
reference to the spherical coordinate system is illustrated 
in figure 6. 
Assumptions and Approximations. 
Before proceeding to calculate the far-field radiation 
patterns produced by the previously described antenna system, 
several idealizing assumptions and approximations are made 
to permit a theoretical analysis. In the first place, the 
missile body is 13 inches in diameter at the location of the 
antenna system and does not depart significantly from a 
circular cylinder for at least a wavelength in either direc-
tion. In the theoretical analysis a circular cylinder of 
infinite length is assumed. Also, the voltage distribution 
in the ~ direction along the slot length is assumed to be 
cosinusoidal (maximum at center of slot) with only an axial 
field component, which is directed across the slot width in 
12 
the+~ direction, i.~., toward the missile nose. This is in 
agreement with the method of slot excitation and the hypothe-
sis that the tangential component of the electric field must 
be zero except where the slot opening exists, since the con-
ductivity of the cylinder is assumed to be infinite, and the 
slot excitation by a cosinusoidal signal is in a manner which 
produc2s only an axial field component. Also, the conducting 
tab which projects part way across the center of the slot, 
thereby complicating an otherwise simple rectangular slot 
opening, is ignored in the theoretical analysis, since the 
effect on the far-field radiation pattern should be negli-
gible, and the added theoretical complexity to account for 
the tab is considered to be unwarranted. From a practical 
viewpoint for Command Destruct purposes, the far field is 
the only one of interest. 
Development of Theoretical Expressions. 
Several different approaches may be used to calculate 
the desired radiation fields as discussed by Wait. 10- 11 The 
following approach is based upon the work by Silver and 
Saunders12 which assumes a harmonic field distribution in 
the slot with Fourier series representations for the tangen-
tial electric field over the cylinder and for the field in 
10J. R. Wait, "A Survey of the Recent Literature on Slot 
Radiators", National Bureau of Standards Report No. 5051 of 
11 March 1957. 
11J. R. Wait, Electromagnetic Radiation f!2m Cylindrical 
Structures, Pergamon Press, New York, N. Y., 1959. 
12see reference 7. 
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space. The latter is synthesized by superposition of basic 
sets of cylindrical waves that satisfy the requisite boundry 
conditions. By making use of the asymptotic forms of the 
Hankel functions 13 and subsequently carrying out certain 
integrations14 by the saddle-point method, general expres-
sions which represent approximately the far-field radiation 
from a slot in an infinite-length, perfectly conducting, 
circular cylinder are obtained. As a preliminary step, some 
fundamental derivations beginning with Maxwell's field equa-
tions and leading to the wave equation expressed in phasor 
vector form are given in Appendix A (see equation 7). The 
time dependence of the harmonic fields is represented by the 
complex exponential factor ejrot in the customary manner, 
where ro = ~ times the exciting frequency and 1 represents 
time. In addition, Appendix A gives the derivation of the 
free-space propagation constant k = ~' and the detailed 
calculations of the free-space wavelength A = 26.542 inches 
for the specified operating frequency plus the evaluation of 
the fundamental parameter ka = 1.53874. The calculation of 
the circumferential arc length of the actual antenna slot 
opening at the outside surface of the missile body is given 
in Appendix B. This length equals 5.6789 inches and is 
equivalent to 0.2140A, where A is the free-space wavelength, 
13G. N. ·watson, A Treatise 2n the Theory £f Bessel 
Functions, The MacMillan Company, New York, N.Y., 1944, 
pp. 73-74. 
14see reference 7, pp. 156-157. 
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space. The latter is synthesized by superposition of basic 
sets of cylindrical waves that satisfy the requisite boundry 
conditions. By making use of the asymptotic forms of the 
Hankel functions 13 and subsequently carrying out certain 
integrations14 by the saddle-point method, general expres-
sions which represent approximately the far-field radiation 
from a slot in an infinite-length, perfectly conducting, 
circular cylinder are obtained. As a preliminary step, some 
fundamental derivations beginning with Maxwell's field equa-
tions and leading to the wave equation expressed in phasor 
vector form are given in Appendix A (see equation 7). The 
time dependence of the harmonic fields is represented by the 
complex exponential factor ejoot in the customary manner, 
where oo = 2rr times the exciting frequency and i represents 
time. In addition, Appendix A gives the derivation of the 
free-space propagation constant k = ~' and' the detailed 
calculations of the free-space wavelength A = 26.542 inches 
for the specified operating frequency plus the evaluation of 
the fundamental parameter ka = 1.53874. The calculation of 
the circumferential arc length of the actual antenna slot 
opening at the outside surface of the missile body is given 
in Appendix B. This length equals 5.6789 inches and is 
equivalent to 0.2140A, where A is the free-space wavelength, 
13G. N. Watson, A Treatise .2!!. lli Theory of Bessel 
Functions, The MacMillan Company, New York. N.Y., 1944, 
pp. 73-74. 
14see reference 7, pp. 156-157. 
14 
Appendix C starts with the free-space wave equation of 
Appendix A and gives step-by-step methods for the solution 
in cylindrical coordinates in terms of a scalar function for 
the conventional steady-state time variation. The final 
solution involves Bessel functions of the third kind, or 
Hankel functions as they are more commonly called. 
The detailed development of general expressions for the 
far field produced by a slot in the wall of an infinite-
length circular cylinder is quite involved. It is started 
by developing a suitable Fourier expansion for the tangential 
components of the electric field over the surface of the 
cylinder. Then the external field is constructed by super-
position of basic sets of cylindrical waves as indicated in 
the general theory by Stratton. 15 Hankel functions of the 
second kind and order n are involved in the solution of the 
differential equations to represent outgoing cylindrical 
waves. Considering only the far field--1.~., a distance 
greater than approximately 10 wavelengths--the expressions 
simplify to a large extent. The reduction of the general 
expressions for this region is effected by making use of the 
asymptotic forms of the Hankel functions and performing cer-
tain integrations by the saddle-point method. For this study 
the resulting general expressions16 for the far-field 
15 J. A. Stratton, 
Book Co., New York, N. 
16see equation 23 
Electromagnetic Theorr, McGraw-Hill 
Y., l94l, pp. 349--39 • 
of reference 7, p. 157. 
radiation from a slot of arbitrary shape in an infinite-
length circular cylinder are restricted to a rectangular 
circumferential slot as illustrated in figure 5, which is 
15 
bounded axially by the planes z1 = -z0 and z2 = +z 0 and in 
azimuth by the planes q>l 7T q:>
0 
and cp 2 = !. + cp 0 and is = 2 - 2 
centered at q> 7T where it is understood that due to the = 2• 
difference in azimuth reference, q:> and ~ are to be replaced 
by q:> - ~ and ~ - ;. respectively. From the given slot 
excitation conditions the field components are separable 
functions of q:> and ~; thus 
( 1) 
~ 0 outside the slot, 
( 2) 
= 0 outside the slot, 
where 
Then considering a single mode of E and z E in cp the slot, the 
far-field radiation components17 expressed in phasor18 form 
reduce to equations ( 3) through ( 5) on taking ! = zo, 
17see equation 4 of reference 8, p. 746. 
18 B. J. Ley, S. G. Lutz, and C. F. Rehberg, Linear 
Circuit Analysis, McGraw-Hill Book Co., New York, N.Y., 
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In equations (3) through (5) the time dependence factor is 
suppressed and the unit directional vectors are omitted. 
The symbols~ in, for example, equation (10) designate a 
phasor vector where it is understood that the real part of 
v 
E(t} is used to obtain the time function,!·~·, 
v v . t 
E(t) = Re[E(t)] = Re[EeJro ] • (11) 
Since the slot excitation is assumed to be a cosinu-
soidal function of ~ (midpoint ~ = ~ has a maximum) and 
exhibits a constant field in the ~ direction, then 
v 













= 1 inch by figure 3) in comparison to Rand 
the wavelength. For these conditions the integral over the 
slot width in equations (3) and 
zo 
~2 (i;)ejkl;cos edt; Iz = J -z 
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or 










= 2jzokvcos e 2j sin (kzocos e) 
sin (kzocos e) 
- v = v ' - kzocos e 
where by the small angle sine function approximation 
( e) = sin [2rr{0.5 inch)cos e) sin kzocos 26.54 Inches 
= sin (0.118 cos e) 
- 0.118 cos 9 • 
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(15) 
Likewise, in equations (3) and (4) the integral over 
the slot length angle for a free-space ~ length slot, 
reduces to 
n1T 
2ka cos 2ka = --~---~ 
( ka) 2 - n 2 
and for the dielectric-loaded slot with a physical arc 
length of 0.2140A where h is the free-space wavelength 
ka 0.2140rr 
0. 2140 cos n ka 
= ..;;..::;..;;;:;.;;;..--...----:
2





Details of the integral evaluations [equations (16) and (17)} 
are given in Appendix D. 
Also, from equation (3) the summation 
+oo n+l -jn(q> -!!:) 
S 1 = :E - ( 2 ) e 
2 F ( n , ka ) 
n=-oo H ( ka sin 9) n 
can be reduced to 
where 
~ £ ej(n-1)~ 
s1 = ~ -~nr------ cos n( cp- ~)F(n, ka), n=O H( 2 ) (ka sin 9) 
n 
= { 1 for n = 0 
En 
2 for n > 0 • 
This can be shown as follows (since F(n,ka) is an even 
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51 = -1[F(O,ka)) + +~ {-j jn 
H{ 2 ( ka sin 9) n=l 
0 
jn{(j)-!!:) -jn(m-'!!.) 
e 2 +e T 2 { ) 
x H( 2 ) {ka sin 9) F n,ka ; 
n 
however, 
e jn(<p- '!!.2) + e-jn(<p- rr2) ( rr) = £n cos n <p - 2 , 
where £n is defined by equation (20). Therefore, using 
equations (21) and (26) in equation (25) 
j(n-1)!!: 
+oo &n e 2 rr 
s1 = .l: { 2) cos n(cp --2) F(n,ka) • n=O H ( ka sin 9) n 
Likewise, from equation (4) the term 
cot e +OO .n -jn((j)- !!:.) n 2: J e 2 F(n,ka) 52 = ka sin e ( 2)' n=-oo Hn ( ka sin e) 
can be reduced to 
+oo j(n-1):!!: 
S cos 9 ~ -2n e 2 5 ;n ( rr) F( k ) = '" ( )' ... n cp- 2 n, a 2 ka sin2 9 n=l H
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This can be shown as follows: From equations (22) and (24), 
equation ( 28) reduces to . rr 
cote +~[ nin e-Jn(cp -2) 
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by use of equations (22) and (31). Then by the substitution 
of 
cot e = cos e 
sin e 
and by equation (30), 
cos e 
5 2 = _.;;...;..;:;.....-:::2:--
ka sin e 
+oo [ -jn(<p -R) jn(q> -R)l 
~ njn e 2 - e 2 F(n,ka) 
n=l H( 2)' (ka sin 8) 
n 
but 
ejn(q>- ~) - e-jn(<p- ;) = 2j sin n(cp- ;) 
therefore, 
S 
_ cos e 
- 2 2 ka sin e 
2 . .n . ( TT) +co - nJ J sln n r:p --
2: { 2) , 
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Therefore, for a narrow circumferential one-half 
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And for the narrow dielectric-loaded slot with a 
physical arc length of 0.2140A where A is the free-space 
wavelength, equations (3) through (5) reduce to 
v -jkR v 
Ee - e R V Pe(9,cp), 
v -jkR v 











ER = 0, (45) 
v v 




j(n-1)!!:. v 1 e 2 
P9 = 21r2 L H(2} sin e n=O ( ka sin 9) n 
ka 0. 2140lr 
X 
0. 2140 cos n ka cos n( q> - !!:.) 
( ka ) 2 2 2 
0.4280 - n 
(46) 
{1 
for n = 0 
En = 
2 for n > 0 
v cos 9 
00 2n ej( n-l)~ 
pq> = 21r2 sin2 9 
E ( 2)' ka n=l Hn ( ka sin 9) 
ka 0.2140rr 
0.2140 cos n ka 1T 
x sin n(cp- 2). 
( ka ) 2 2 0.4280 - n 
{47) 
Calculation of Radiation Patterns .f.!:.2m ~ Diametrically 
Opposed Slots Considered Separately. 
Since the theoretical radiation patterns are to be 
compared with the experimental results on a relative basis, 
it is necessary to calculate only the pattern functions 
[equations (46) and (47)], omitting the amplitude multiplier 
and the time and space exponential factors. To determine the 
radiation patterns first from the two diametrically opposed 
slots, assuming that each slot is operating independently, 
24 
and then from both slots operating simultaneously with con-
trolled electrical phasing between the slots, a large number 
of calculations are involved. Also, both pattern functions 
contain series summations of complex quantities which make 
the calculations difficult and very time consuming to do by 
hand methods, even with the aid of a desk calculator. For 
these reasons, arrangements were made to program the desired 
calculations for an IBM 704 Computer. Considerable difficulty 
was experienced at first in getting the functions programed 
correctly; however, once this was accomplished, the results 
were obtained quickly and accurately. 
Table 1 gives the amplitude and phase (in degrees) of 
v v v v 
Pe (9,~), Pe (9,~+~), PM (9,cp) and Pep (9,~+~) where the 
1 2 '~"1 2 
subscripts 1 and £ designate the first slot centered at 
cp = ~ and the second slot centered at cp =- ;, respectively. 
The computations were made for cp varied in 10-degree incre-
ments from -90 to +90 degrees for each 5-degree increment of 
9 from 5 to 90 degrees. By trial and error it was found 
that eight terms are necessary to obtain three-significant-
figure accuracy over the full spherical range; therefore, 
all data presented in tables 1 through 3 involve eight terms 
in the summations. Figures 7 through 15 give polar plots of 
v 
the amplitudes of P9 1 
v 
and P from the data given in table 1. 
cpl 
Only the pattern function amplitudes are plotted since no 
phase measurements were obtained experimentally; therefore, 
25 
the comparisons between theoretical and experimental results 
are confined to amplitudes. 
v 
From the symmetry of the Pe function, the full spherical 
pattern can be developed from the results for only one quad-
rant of 9 values and two quadrants of ~ values. This is 
obvious since the sine 9 terms give symmetry for the first 
and second quadrants about 9 = 900 and the cosine n(~ -;) 
term gives symmetry about the ~ = 900 plane. Therefore, the 
required two quadrants of e values and all four quadrants of 
~ values can be developed from the data given in table 1. 
v v 
Since the function P9 is identical to Pe with a 180-degree 
v 2 1 
phase shift, then Pe for ~ = +90° to -90° is identical to 
2 v 
Pe for ~ = -90° to +90°. It is of interest to note that the 
1 
v 
P9 functions become infinite for 9 = oo or 180° and multiples 
thereof, due to the sine 9 term in the denominator. 
v 
Similarly, the full spherical pattern for the P~ 
function can be developed from the results for only one 
quadrant of 9 values and two quadrants of ~ values, provided 
a 180-degree phase shift is introduced for the second quad-
rant of 9 and for the second and third quadrants of ~ values 
to account for the antisymmetrical characteristics. This is 
obvious from the fact that the ~f~ ~ term introduces anti-
symmetry about the e = 90° plane and the sin n(~ -~) term 
introduces antisymmetry about the ~ = 900 plane. It is of 
v 
interest to note that the p~ function is zero for e = 900 
25 
the comparisons between theoretical and experimental results 
are confined to amplitudes. 
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term gives symmetry about the ~ = 900 plane. Therefore, the 
required two quadrants of e values and all four quadrants of 
~ values can be developed from the data given in table 1. 
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Since the function Pe is identical to Pe with a 180-degree 
v 2 1 
phase shift, then Pe for ~ = +90° to -90° is identical to 
2 v 
Pe for ~ = -90° to +90°. It is of interest to note that the 
1 
v 
Pe functions become infinite for 9 = oo or 180° and multiples 
thereof, due to the sine e term in the denominator. 
v 
Similarly, the full spherical pattern for the P~ 
function can be developed from the results for only one 
quadrant of 9 values and two quadrants of ~ values, provided 
a 180-degree phase shift is introduced for the second quad-
rant of 9 and for the second and third quadrants of ~ values 
to account for the antisymmetrical characteristics. This is 
obvious from the fact that the ~f~ ~ term introduces anti-
symmetry about the e = 90° plane and the sin n(~ -~) term 
introduces antisymmetry about the ~ = 900 plane. It is of 
v 
interest to note that the p~ function is zero fore = 900 
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and for all odd multiples of 90 degrees. Also, the same 
situation exists for ~ = ±900 and for all even multiples of 
v v 





a 180-degree phase shift, then Pq:>
2 




for ~ = -90° to +900, provided a 180-degree 
phase shift is introduced to account for the antisyrnmetry of 
v 
the P~ function. 
Calculation £f Radiation Patterns f!Qm ~ Diametrically 
Opposed Slots Operating Simultaneously with Selected 
Electrical Phasing. 
To obtain the radiation patterns produced when both of 
the diametrically opposed slots are operating simultaneously, 




P ~· = I P ~ 
1 
( e, <r) I 1a1 + (49) 
v 
IP{9,<p)l and /a designate the amplitude and phase where 
angle, respectively, and ~ designates a selected phase angle 
which is included in order to study the effect of deliber-
ately introducing a controlled phase shift between the two 
antennas. In practice the controlled phase shift would 
normally be accomplished by introducing an appropriate 
difference in the cable lengths between the antennas and the 
v v 
tee connector. The summation functions Pe' and P; were 
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each computed for the conditions where 8 is varied in 
10-degree increments from 10 to 90 degrees; ~ is varied in 
10-degree increments from -90 to +90 degrees; and ~ is varied 
in 60-degree increments from 0 to 180 degrees. The results 
of these computations are given in table 2 and the corre-
sponding radiation pattern plots are given in figures 16 
through 51. 
v 
The P ' function is plotted only for the cases cp 
where ~ = oo and 180°, since this function is of secondary 
interest and there are no experimental data for comparison. 
In addition, the data for two longitudinal patterns are given 
in table 3 for the conditions where the phase angle ~ = oo 
and e is varied in 5-degree increments from 5 to 175 degrees 
and cp = 900 and 180°, respectively. Figures 52 and 53 give 
v 
polar pattern plots of the Pe' amplitudes from the data 
given in table 3. 
EXPERIMENTAL MEASUREMENTS 
Model Configuration. 
For the experimental measurements, a full scale mock-up 
of the warhead section was fabricated from aluminum sheet 
stock. The mock-up warhead contained provisions for mounting 
two Command Destruct antennas, three beacon antennas, and two 
telemetry antennas. The two Command Destruct antennas were 
mounted diametrically opposed at the desired longitudinal 
location. The three beacon antennas and the two telemetry 
antennas were also installed during certain tests to reveal 
the extent, if any, of interference between the three antenna 
systems when all were operating simultaneously. Since a full 
scale mock-up of the entire weapon was too large for the 
antenna range-measuring equipment, only the warhead section 
and a short portion of the cylindrical body immediately aft 
of the warhead were used. 
Coordinate System and Description of Radiation Pattern 
Measurements. 
The spherical coordinate system used for pattern 
measurements is illustrated in figure 5. Pattern measure-
ments were made for the E9 component only and at 10-degree 
increments of 9 from 9 = 0° to 180°. These were made by 
rotating the mock-up about the missile axis for a complete 
revolution for each value of 9. Figure 54 illustrates the 
technique used to obtain the pattern measurements. The 
missile mock-up was mounted on a standoff pedestal in a 
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horizontal position. Rotation of the mock-up about its own 
horizontal axis and rotation in the horizontal plane about a 
vertical axis which passes through the center point between 
the two antennas were made by remote control. By making use 
of the reciprocity theorem, the radiation patterns were 
obtained using the missile antennas as receiving antennas. 
The latter was illuminated by a directional, fixed-position, 
horizontally polarized, transmitting antenna, mounted on a 
nearby tower about 30 feet from the missile mock-up in the 
same horizontal plane as the missile. When the missile nose 
points directly toward the radiating antenna, i.e., the 
projected missile axis passes through the center of the 
radiating antenna, the angle 9 = 0°. With the missile in 
this position, a pattern is taken by rotating the missile for 
one full revolution about its own axis; this corresponds to 
a rotation in the ~ direction from ~ = 0° to 3600. The same 
technique was repeated for each 10-degree increment of e 
from 9 = 0° to 180°. The 19 patterns obtained in this manner 
are given in figures 55 through 73. In addition, two longi-
tudinal patterns were made for the E8 component by rotating 
the missile from e = 0° to 360° for a constant value of ~­
Figure 74 gives the longitudinal pattern for ~ = 900 which 
passes through the center of the slots, and figure 75 gives 
the longitudinal pattern for ~ = 1800 which is a plane 
bisecting the angle between the two slots. 
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Interference Tests 
Since it is vitally important to communicate a Command 
Destruct signal from the ground station to an erratic 
missile, interference tests were made to determine whether 
simultaneous operation of the telemetry and tracking beacon 
systems adversely affect the Command Destruct System. 
Figures 76 through 87 give the results of these tests for 
9 = 90°, 135°, and 165°. Four patterns were made for each 
e value for the following conditions, respectively: 
a. Command Destruct System only. 
b. Command Destruct System with beacon operating. 
c. Command Destruct System with telemetry radiating 
full power at the most adverse frequency assignment. 
d. Command Destruct System with both beacon and 
telemetry radiating. 
ANALYSIS OF EXPERIMENTAL DATA 
Description of Graphical Integration Techniques. 
Using the Poynting vector method, 19 the set of 
experimentally obtained conical radiation patterns can be 
analyzed by graphical integration techniques to give, on a 
relative basis, the total energy received (or radiated) and 
the average effective field strength of the Command Destruct 
Antenna System. The antenna system is assumed to be at the 
center of a very large sphere; and by an averaging process, 
the set of conical radiation patterns are related to the 
spherical surface which is then integrated by graphical 
summation techniques. 
Since the family of conical patterns was made with a 
polar recorder with response set for a square-root function 
to compensate for the square-law detector used, the resulting 
patterns are voltage or field-strength plots. Therefore, the 
relative effective field strength is directly proportional to 
the average radius of the respective patterns, and the aver-
age radius squared is directly proportional to the effective 
radiation intensity. For a given 6 angle, the relative 
effective field strength is defined as the field strength 
which, if constant for a full revolution of ~. represents the 
19F. E. Terman, Radio Engineer's Handbook, McGraw Hill 
Book Co., New York~ N.Y., 1943, pp. 782--784. 
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same total energy as the actual field pattern. In other 
words, an average radius is found which, when revolved a full 
revolution of ~' describes a circle which has the same 
inscribed area as the inscribed area of the pattern. The 
average radius squared for each conical pattern is found by 
measuring the inscribed pattern area with a planimeter and 
dividing the area by rr. 
Relative Field Strength Calculations. 
Referring to the spherical diagram of figure 88, an 
elemental surface area dA is generated if a segment of arc 
Rd9 is revolved through an angle d~ giving a surface area of 
R sin 9d~ • Rd9 = R2 sin 9d9d~ (50) 
and the total surface area of the sphere is 
2:7r rr 
S S R2 sin 9d9do/ = 4rrR2 for a constant R. (51) 
~=0 9=0 
If we let E = the instantaneous field-strength pattern 
measurements which are a f(9,~). then by definition 
2rr rr 
s s (52) 
cp=o e =o 
Since E was measured as a continuous function of q> from 
q> = 0 to 271", for finite increments of e = ;8 or 100, then by 
the trapezoidal rule 
1 
- 4rrR2 
18 rr 2rr 2 2 ~ 18 S E (9.,q>)R sin 9.d~ i=l q>=O 1 1 
(53) 
where i refers to 9 = 10°, 20° •...... 180°. Since R is taken 
as constant, then 
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2 1 TT 18 2TT 2 
E = --4 18 ~ sin 9. f E (e1 ,q>)dq> avg rr i=l 1 q>=O 
1 TT 18 2rr 2 = - ':::;'7 2: sin 9 J E i (m)dm 
2TT 3o i=l i q>=O T T 
(54) 




1 avg (56) 
therefore 
E2 TT 18 E2 
avg = 36 i~l i avg sin e i 
1 18 2 
= 36 E 1r E . sin 9 i • i=l 1 avg (57) 
But E~avg equals the average relative field strength 
squared of the respective conical patterns, and the respec-
tive pattern areas are equal to the average field strength 
squared multiplied by rr. Therefore, the process of graphical 
integration reduces to a process of measuring the individual 
conical pattern areas and multiplying each area by the sine 
of the corresponding e angle, and then forming a summation 
of the results. 
For the patterns given in figures 55 through 73, the 
total summation of the pattern areas, after each is multi-
plied by the corresponding sine of e, is 156.645 square 
inches. The individually tabulated area values are given in 
table 4. Therefore, the average relative field strength 
expressed in inches of pattern radius is 
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Eavg = / 15~6 645 = ./ 4. 35125 = 2. 086 (58) 
Since the polar pattern charts are divided radially into 
10 major scale units of 0.375 inches per unit, then 
1 inch = ~ scale units 
and the relative field strength is equivalent to 5.5626 
scale units since 
2.086 inches ~ scai~c~nits = 5.5626 scale units. 
The power radiated by the actual antenna system is 
unknown; however, it is known that the radiation pattern of 
an equivalent isotropic radiator (in radiated energy} can be 
represented by a spherical pattern with a radius of 5.5626 
scale units. If it is now assumed that 1 watt is being 
radiated and that the field measurements are made at a 
distance of 1 mile, then each scale unit of the pattern 
radius is equivalent to 
3.404 millivolts/meter 
5.5626 scale units 
= 0.6119 millivolts/meter/scale unit(l watt, 1 statue mile). 
Since the power density Pd at a point in space due to the 




f . t . d" 20 . rom an 1so rop1c ra 1ator 1s 
20International Telephone and Telegraph Corp., Reference 
Data for Radio Engineers (4th ed.), American Book-Stratford 
Press, Inc., New York, N.Y., 1956. 
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where Pt is in watts and R is in meters, and 
where E is in volts per meter, then 
Pt 30P 
E2 =---- {120rr) = ----2t 4rrR2 R 
or 
_ ../30 Pt lv"35 E - R = 1609 = 3.404 millivolts/meter. (59) 
Therefore for the assumed conditions of 1 watt at 1 mile, the 
field strength in millivolts per meter in any of the measured 
(9,~) defined directions is simply the number of pattern 
radius scale units times 0.6119. For example, the maximum 
field strength occurs at approximately e e 1400 with a 
pattern radius of about 9 scale units which is equivalent to 
5.5 millivolts per meter. The pattern shape at this conical 
angle is almost circular, indicating nearly uniform field 
strength for the full revolution of ~. 
Directivity, Gain, and Bandwidth Characteristics. 
The antenna system directivity Q is defined as the ratio 
of the maximum radiation intensity of the test antenna to the 
maximum radiation intensity of the reference antenna, with 
the same input to both. Since in this case the only refer-
ence antenna is an equivalent isotropic source, the 
directivity is 
D = maximum radiation intensity 
average radiation intensity · (60) 
If both numerator and denominator are multiplied by 4rr, the 
directivity is 
D = 4rr (maximum radiation intensity) 
total power radiated 
4Tr f(9,cp)max 
= ..... J J,..._......,f-r"'( e ...... -<r-J --dQ,..,. 
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(61) 
where f(9,cp) =relative radiation intensity as a function of 
the space angles (9,~) and dQ =sin 9d9dcp =element of solid 
angle. 
Since the radiation intensity is proportional to the 
square of the field strength, the directivity can be 
expressed as 
27T rr 
S S F2(e ,cp) sin 9d6dcp 
cp=O 6=0 
where F(9,~) =relative field pattern, 
intensity as a function of e and cp. 
( 62) 
i.e., -- the total field 
For the conical patterns given in figures 55 through 73, 
the maximum relative field strength occurs at a conical angle 
of approximately e = 1400 with a pattern radius of about 9.0 
scale units; therefore the directivity is 
D = 47T ( 9. 0) 2 = 81 _ 
47T (5.563)2 30.95 - 2.62 
(63) 
The gain of an antenna is always measured with respect 
to a reference antenna. Since an isotropic source is a 
hypothetical reference, it is common practice to make actual 
gain measurements with respect to a one-half wavelength 
dipole. If the dipole antenna is assumed to be lossless, 
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then the gain of the dipole over a lossless isotropic source 
. 1 6 . ~1 64 1 28 lt b . 21 ~s . 4 on a power bas~s or ¥L.o  = . on avo age as~s . 
For the system being analyzed, no actual gain measurements 
were made; therefore, if the system is assumed to be lossless, 
the gain equals the directivity. 
Figure 89 gives a plot of the measured voltage standing-
wave ratio as a function of the input frequency, when the 
Command Destruct Antenna is terminated in a 50-ohm resistive 
load. The voltage standing-wave ratio is about 1.15 at the 
center frequency of 445 megacycles, indicating a good imped-
ance match to the 50-ohm load. The bandpass characteristics 
on each side of the center frequency are indicated by a 
voltage standing-wave ratio of about 1.4 at ±2 megacycles and 
about 5.0 at ±10 megacycles. 
Results of Interference Tests. 
The results of the interference tests to determine if 
the simultaneous operation of the telemetry and radar track-
ing beacon adversely affects the Command Destruct System 
were negative. This is determined by comparing the radiation 
patterns of the Command Destruct System when operated alone 
against the pattern obtained when one or both of the other 
radiating antenna systems are operating. For example, if 
figure 76 is superimposed on either figures 77, 78 or 79, 
21H. R. Reed and C. M. Russell, Ultra High Frequency 
Propagation, John Wiley and Sons, Inc., New York, N. Y., 
1953, p. 78. 
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no significant pattern distortion is noted. Likewise, for 
the other conical angles of 9 ~ 1350 and 1650, the Command 
Destruct radiation pattern is not disturbed significantly by 
the presence of the radiation fields from either the telemetry 
or the beacon or from both the telemetry and beacon systems 
operating simultaneously with the Command Destruct System. 
Since the second harmonic of the telemetry system when 
operating at 227.2 megacycles is close to the Command Destruct 
frequency, cross coupling could be a problem. To check for 
this effect, a tuned radio receiver having a minimum input 
sensitivity of 11 microvolts across a 50-ohm load was con-
nected to the Command Destruct Antenna System output and 
tuned to 445 megacycles. With the telemetry system operating 
at full-power output, no coupling was detectable. 
DISCUSSION OF RESULTS 
In practice, the geometrical configuration of a typical 
missile body presents a formidable task to take into account 
the full effect of the complex geometry on the radiation 
patterns produced by a flush-mounted slot-antenna system. 
This soon becomes apparent when an attempt is made to develop 
an accurate mathematical model to describe the radiation 
characteristics of a practical application of a missile 
antenna system such as the one considered in this study. 
In order to make the theoretical analysis feasible in 
this case, it was necessary to idealize the geometrical shape 
of the missile body so that the general mathematical expres-
sions which have been derived for describing the radiation 
from slots in circular cylinders could be applied. The 
applicable theoretical expressions for describing the far-
field radiation from a narrow circumferential slot in a 
circular cylinder involves several significant assumptions 
and approximations. In the first place, the missile is 
assumed to be a perfectly conducting, constant-diameter, 
circular cylinder of infinite length in both directions from 
the antenna slots, and the slot field distribution is assumed 
to vary cosinusoidally along the slot length and to be con-
stant across the slot width. Also, the theoretical expres-
sions are not valid for conical elevation angles at or near 
the missile axis. The lack of validity of, for example, the 
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Ee expression when the elevation angle coincides with the 
missile axis can be readily seen by observing that the sine 9 
term in the denominator causes the expression to become infi-
nite when 9 = 0° or 180°. Also, the Hankel function cannot be 
used to express physically finite fields in the neighborhood 
of the origin due to the singularity of the Newman function at 
the origin--i.e., Y (x) becomes infinite in the negative 
-- n 
direction for x = 0. Furthermore, the asymptotic form of the 
Hankel function which has been used in deriving the general 
far-field cylinder expressions is valid only when the argu-
ment (kR sin 9) is large in comparison to unity. 22 Therefore, 
to maintain validity of the far-field expressions, the fields 
near the origin and the two solid angles of 9 ~ 300 on both 
ends of the missile axis must be disregarded. 
By inspection of figures 7 through 15 which give the 
calculated radiation patterns for a single slot positioned at 
~ = 900, for each 10-degree angle of e from 10 to 90 degrees, 
it can be observed that the pattern starts increasing rapidly 
as e becomes less than 30 degrees. This is even more apparent 
when it is noted that the patterns for e = 100 (figure 7) are 
plotted to a scale which is one-half of that used for the 
patterns given in figures 8 through 15. A slight increase in 
the pattern function amplitude is to be expected as e 
approaches the missile axis due to the effect of the finite 
curvature of the slot. The slot curvature introduces a phase 
22see reference 16, p. 359. 
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difference into the radiation from different portions of the 
slot which has a maximum effect towards reducing the pattern 
amplitude when 0 = 900. As the angle 0 becomes small, the 
pattern amplitude should tend to increase slightly since the 
phase difference effect tends to become negligible as 0 
approaches the missile axis. Before leaving the subject of 
validity of the theoretical results, a quick inspection of 
figures 52 and 53, which represent calculated longitudinal 
patterns for both diametrically opposed slots operating 
simultaneously and in phase, reveals how the amplitude tends 
to become infinite for small e angles. Figure 52 is a longi-
tudinal cut in the ~ plane through the center o£ the two 
slots and figure 53 is a similar longitudinal cut in the ~ 
plane which bisects the angle between the two slots. To 
compensate for the inadequacy of the theoretical expressions 
for conical angles of less than 30 degrees from the missile 
axis, the estimated pattern shape is indicated by dashed 
lines on both figures 52 and 53. The estimated patterns are 
based on the assumption that the field must reduce to zero 
on the missile axis due to the finite diameter and length of 
the missile body, and the fact that only zero electric fields 
can exist on the surface of the missile (assumed infinitely 
conducting) except in the antenna slots. The fact that the 
missile is not a constant-diameter circular cylinder without 
discontinuities is ignored in estimating the patterns. It 
is of interest to note in figures 7 through 15 that the 
radiation field from a single slot is elliptically polarized 
except in the equatorial plane. The amplitude of the E~ 
component is small in comparison to the Ee component for 
elevation angles near the equatorial plane, but becomes 
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relatively quite significant as e approaches the missile 
axis. Also, the direction of the E~ component is at right 
angles to the Ee component and the shape of the E~ pattern 
tends to be asymmetrical except near the missile axis. Since 
at a given point in space the two components are not in time 
phase, a complete description of the field must include both 
amplitude and phase of both components as given by the calcu-
lated data in tables 1 and 2. In addition to the resultE 
plotted in figures 7 through 15, the calculated data given in 
table 1 includes each intermediate 5-degree increment of 9 
starting withe = 5°. 
Progressing to the results obtained by vectorial summa-
tion of the radiation patterns from two diametrically opposed 
slots operating simultaneously, figures 16 through 51 give 
the resultant patterns for each 10-degree elevation angle 
from 10 to 90 degrees and for selected phase angles of ~ = oo, 
60°, 120° and 180°, where 0 and 180 degrees corresponds to 
inphase and antiphase, respectively. Starting with the equa-
torial plane patterns (9 = 90°}, it is obvious that the two 
slots should be inphase for the best pattern coverage through-
out the full ~ plane. ~en ~ = 180°, the resultant pattern 
gives two symmetrical lobes on the ~ = 900 plane, but also 
gives two deep nulls on the ~ = oo plane. Likewise, but to 
a lesser degree, undesirable nulls are caused by both the 
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60- and 120-degree phase angles. By comparing the inphase 
theoretical pattern with the corresponding experimental 
pattern--!.~., figure 48 with figure 64--it is apparent that 
the experimental pattern has four lobes of nearly equal 
amplitude, one on or near each of the 90-degree axes, and 
likewise has four rather deep nulls. Some additional explana-
tions for the rather significant difference between the 
theoretical and experimental patterns will be discussed later. 
It is interesting to observe that the experimental 
pattern for 8 = 80°(figure 63) has approximately the same 
shape as the 9 = 90° theoretical Ee pattern (figure 48). As 
the elevation angle moves away from the equatorial plane, the 
cross-polarized component E~ enters the picture. For e angles 
near 90 degrees the amplitude of the E~ component is small in 
comparison to the Ee component. But when 9 is reduced to 
30 degrees or less from the missile axis, the E~ component 
becomes relatively very significant, particularly for the 
antiphase case. It is also interesting to note that for the 
antiphase case (~ = 180°) the E~ lobes tend to compensate for 
the Ee nulls, thereby giving a possibility for full spherical 
coverage to circular polarization except in the equatorial 
plane (see for example figure 31). However, it is also 
apparent from the various inphase patterns that the Eo/ lobes 
in general tend to compensate for the nulls in the Ee patterns 
(see for example figure 28). 
Based upon the calculated pattern results, it appears 
that the best over-all spherical coverage can be obtained 
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with the two slots operating inphase. By observing patterns 
such as figures 21 and 22, it seems obvious that a phase 
angle between either the inphase or antiphase cases produces 
undesirable pattern distortion. It must be recognized, how-
ever, that even though patterns such as figures 16, 52, and 
53 indicate strong Ee coverage over the sphere poles--i·~·· 
along the missile axis--the theoretical results are not valid 
in these zones for reasons which were previously discussed. 
On the other hand, if the estimated pattern shapes as indi-
cated by the dashed lines on figures 52 and 53 are considered 
valid for the practical missile of idealized uniform shape, 
then nulls exist for small solid conical angles on both ends 
of the missile axis. 
Referring now to the experimental patterns given by 
figures 55 through 75, it is apparent that considerable 
pattern distortion exists in the experimental results. The 
two slots were electrically inphase for all of the experimen-
tal measurements and no data for the cross-polarized component 
E~ were obtained. From observation of figures 55 and 73, some 
coverage apparently exists along the missile axis. This can 
probably be explained as the result of some radiation by the 
body of the missile mock-up and refraction over the ends. 
The lack of symmetry between the corresponding e angles on 
each side of the equatorial plane can be explained by the 
fact that the shape of the missile mock-up was made to 
approximate a portion of the actual missile which is not 
symmetrical with respect to the antenna slot position and, 
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therefore, could be expected to produce patterns that are 
quite different for the two 8 angle quadrants. Also, the 
rather short finite length of the mock-up body and the 
difference in length, as measured from the position of the 
slots to each end, can be expected to produce standing-wave 
characteristics which are not symmetrical for both sections. 
Figures 74 and 75, which are longitudinal cuts through the 
center of the slots and in a plane which bisects the angle 
between the two slots, respectively, reveal the lack of 
symmetry and lack of uniformity of radiation over the two e 
quadrants. By observing how the maximums and nulls from 
figures 74 and 75 add vectorially for a given e angle, the 
apparent pattern rotation, for example, between e = soo and 
100° (figures 63 and 65} can readily be explained. 
The experimental ,patterns are not considered to be as 
valid as they should be for the final missile application. 
In the first place, a scaled-down model of, for example, 
one-fourth size would have been a better choice, since the 
antenna range equipment would then be able to accommodate a 
complete mock-up of the entire missile. Also, the differ-
ence, if any, in the radiation patterns could then be 
observed for both conditions of missile assembly--i·~·, both 
with the propulsion unit attached and after separation from 
the primary missile. In addition, the scaled-down test 
would aid in avoiding undesirable reflections from nearby 
structures, since the operating frequency is multiplied by 
the scaling factor and the higher frequency is more readily 
confined to the desired direction. 
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In connection with the problem of radiation reflected 
from nearby objects, it should be noted that the pedestal 
used to support the missile mock-up was mounted on top of a 
one-story building. The building roof was flat and the 
pedestal was positioned about four feet from the edge of the 
roof, facing the transmitting tower, the latter being about 
30 feet from the missile mock-up. The test setup was such 
that unwanted reflections probably existed which contributed 
to the pattern distortion. The unknown effects of reflections 
and shielding make interpretation of the experimental data 
difficult. Figures 76 through 87 represent interference test 
patterns to determine if simultaneous operation of either the 
beacon and/or the telemetry antenna systems would produce 
adverse effects on the Command Destruct System. No signifi-
cant interference was observed, as has already been discussed 
in the section on Analysis of Experimental Data. However, 
comparing the pattern given in figure 76 with the pattern 
given in figure 64, it is apparent that there is virtually 
no similarity between the two patterns, although they both 
supposedly represent the same experimental antenna measure-
ment setup and the same conical angle--i·~·· e =goo. One 
possible explanation for this very significant disagreement 
is that the set of interference pattern measurements (figures 
76 through 87) was made on a date different from that on 
which the family of conical patterns was made (figures 55 
through 75), thereby introducing the possibility thatrthe 
exact test conditions were not duplicated. For example, 
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there is no assurance that the undesired reflection character-
istics did not change due to changes in the arrangement of 
nearby objects such as automobiles parked temporarily near 
the test tower. 
At this point a few statements should be made concerning 
the probable influence on the radiation pattern, due to the 
presence of the propulsion motor during the acceleration 
phase. Since the pattern-measuring equipment would not sup-
port the full 21-foot-missile-length mock-up, only a portion 
of the total length was used; this did not include any of 
the propulsion section. The radiation pattern of a well-
designed slot antenna with cavity resonator in an infinite 
ground plane is a semicircle if taken in a plane normal to 
the slot major axis. Whenever the ground plane normal to the 
slot major axis is shortened to only a few wavelengths, stand-
ing waves are set up along the ground plane in such a manner 
as to give pattern distortion. In general, a shortened 
ground plane reduces the radiation intensity in the plane 
normal to the slot major axis, and sets up perturbations in 
the pattern away from the ground plane. Therefore, the 
expected effect of adding the additional body length would 
be to enhance the radiation pattern intensity and to improve 
the pattern contour characteristics, particularly in the aft 
conical direction. A slight shadowing effect in the aft 
direction near the missile axis is to be expected due to the 
larger diameter of the propulsion section. 
CONCLUSIONS 
Although there is a significant lack of agreement 
between the theoretical and experimental results presented 
in this study, the theoretical investigation is justified in 
that it gives evidence of the complexity and limitations of 
a theoretical approach to the practical application of slot 
antennas to missiles. To make the theoretical approach 
feasible for a complex problem of the type considered in this 
study, it is necessary to idealize the geometrical shape of 
the body of the missile and to make certain approximations 
and assumptions. For example, when the missile shape is 
idealized to a perfectly conducting, constant-diameter, 
infinite-length, circular cylinder, the far-field theoretical 
expressions are obtainable in approximate form but are still 
so complex that an automatic computer is almost mandatory to 
obtain a significant number of data points. Also, the extent 
and effect of the many assumptions and approximations which 
are still necessary to carry out the theoretical study pro-
duce inaccuracies and lack of validity for certain zones, 
thereby making the theoretical approach rather incomplete. 
It is therefore concluded that for most practical applica-
tions of slot antennas to missiles, the radiation-pattern 
characteristics are determined more accurately and economi-
cally by experimental methods unless costs of the experimental 




Assuming that the experimental method is selected, 
considerable caution and effort must still be exercised to 
minimize undesirable effects such as those which can easily 
result from reflections or from not using a sufficiently 
accurate model to represent the missile body. For all mis-
siles except the very small types such as the Sidewinder, a 
scaled-down model should be used. It is not essential to 
duplicate all of the minor details of the external missile 
shape, but this does not mean that great liberty can be 
taken in omitting significant portions of the missile body 
or in representing the missile shape correctly. 
In this study the Command Destruct Antenna System had 
already been designed and the experimental pattern measure-
ments made when the theoretical study was initiated. Since 
the experimental results were obtained on a model mock-up 
which did not accurately represent the external contour of 
the missile body, they are not considered to be as valid as 
they should be; therefore, both the intrinsic difficulties 
in the theoretical approach and the lack of reliable experi-
mental data are reflected in the agreement obtained between 
the theoretical and experimental results. 
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TABLE 1 
PATTERN FUNCTIONS FOR TWO DIAMETRICALLY OPPOSED 
SLOTS CONSIDERED SEPARATELY 
9° ~0 IP I Phase 0 IPe I Phase 0 IP I Phase 0 IP I h 0 el 2 cpl cp2 p ase 
5 -90 .1495 174.1 .2852 -120.6 .oooo ---- .oooo 
5 -80 .1498 174.9 .2838 -120.9 .0236 -97.86 .0235 96.25 
5 -70 .1508 177.1 .2796 -121.8 .0464 -97.54 .0463 95.92 
5 -60 .1527 -179.3 .2729 -123.2 .0678 -97.01 .0676 95.39 
5 -50 .1560 -174.5 .2639 -125.3 .0872 -96.30 .0870 94.68 
5 -40 .1610 -168.9 .2529 -128.0 .1039 -95.42 .1037 93.79 
5 -30 .1679 -162.9 .2405 -131.3 .1174 -94.39 .1172 92.77 
5 -20 .1770 -156.6 .2271 -135.2 .1274 -93.26 .1272 91.64 
5 -10 .1878 -150.6 .2135 -139.8 .1335 -92.06 .1334 90.43 
5 0 .2002 -144.9 .2002 -144.9 .1355 -90.81 .1355 89.19 
5 10 .2135 -139.8 .1878 -150.6 .1334 -89.57 .1335 87.94 
5 20 .2271 -135.2 .1770 -156.6 .1272 -88.36 .1274 86.74 
5 30 .2405 -131.3 .1679 -162.9 .1172 -87.23 .1174 85.61 
5 4o .2529 -128.0 .1610 -168.9 .1037 -86.21 .1039 84.58 
5 50 .2639 -125.3 .1560 -174.5 .0870 -85.32 .0872 83.70 
5 60 .2729 -123.2 .1527 -179.3 .0676 -84.61 .0678 82.99 
5 70 .2796 -121,8 .1508 177.1 .0463 -84.08 .0464 82.46 
5 80 .2838 -120.9 .1498 174.9 .0235 -83.75 .0236 82.14 
5 90 ,2852 -120,6 .1495 174.1 .oooo ---- .oooo 
10 -90 .0792 155.5 .2229 -105.4 .0000 ---- .oooo 
10 -80 .0793 156.9 .2215 -105.8 .0241 -106.9 .0234 100.7 
10 -70 .0799 161.1 .2174 -106.9 .0474 -106.3 .0462 100.1 
10 -60 .081a 167.9 .2106 -108.9 .0692 -105.3 .0676 99.01 
10 -~ .o84 176.5 .2014 -111.6 .0888 -103.9 .0870 97.59 
10 - .0898 -173.7 .1903 -115.1 .1057 -102.2 .1039 95.85 
10 -30 .0977 -16a.6 .1775 -119.4 .1193 -100.2 .1177 93.83 
10 -20 .1081 -15 .o .16~5 -124.5 .1291 -97.98 .1280 91.60 
10 -10 .1206 -145.2 .14 9 -130.5 .1350 -95.63 .1344 89.24 
10 0 .1344 -137.3 .1344 -1~7-3 .1368 -93.20 .1368 86.80 
10 10 .1489 -130.5 .1206 -1 5.2 .1344 -90.76 .1350 84.37 
10 20 .1635 -124.5 .1081 -154.0 .1280 -88.40 .1291 82.02 
10 ~ .1775 -119.4 .0977 -163.6 .1177 -86.17 
.1193 79.82 
10 .190~ -115.1 .0898 -173.7 .1039 -84.15 .1057 77.83 
10 50 .201 -111.6 .0844 176.5 .0870 -82.41 .0888 76.12 
10 60 .2106 -108.9 ,0813 167.9 ,0676 -80.99 .0692 74.73 
10 70 .2174 -106.9 .0799 161.1 .0462 -79.95 .0474 73.71 
10 80 .2215 -105.8 .0793 156.9 .0234 -79.31 .0241 73.09 








































TABLE 1 (continued) 
IP
91
1 Phase 0 IP
92
1 Phase 0 IPo/
1
1 Phase 0 IPo/
2
1 Phase 0 
.0534 138.7 .1973 -94.15 .0000 ---- ~0000 
.0533 140.8 .1959 -94.66 .0244 -116.9 .0225 104.1 
.0535 147.0 .1919 -96.17 .0480 -116.0 .0444 103.2 
.0547 156.8 .1853 -98.66 .0699 -114.5 .0651 101.6 
.0578 169.2 .1764 -102.1 .0896 -112.5 .0840 99.40 
.0637 -177.4 .1656 -106.5 .1062 -110.0 .1006 96.76 
.0724 -164.4 .1532 -111.8 .1193 -107.1 .1144 93.71 
.0836 -152.6 .1395 -117.9 .1286 -103.9 .1250 90.36 
.0966 -142.2 .1252 -125.0 .1338 -100.4 .1319 86.82 
.1107 -133.1 .1107 -133.1 .1349 -96.80 .1349 83.20 
.1252 -125.0 .0966 -142.2 .1319 -93.18 .1338 79.60 
.1395 -117.9 .0836 -152.6 .1250 -89.64 .1286 76.13 
.1532 -111.8 .0724 -164.4 .1144 -86.29 .1193 72.90 
.1656 -106.5 .0637 -177.4 .1006 -83.24 .1062 70.00 
.1764 -1o2.1 .o578 -169.2 .o84o -8o.6o .1896 67.50 
.1853 -98.66 .o547 -156.8 .o~4~ -78.44 .o699 65.49 
.1919 -96.17 .0535 -14?.0 .o -76.85 .0480 64.01 
.1959 -94.66 .0533 -140.8 .0225 -75.87 .0244 63.10 
.1973 -94.15 .0534 -138.7 .oooo ---- .oooo 
.0398 123.2 .1824 -84.24 
.0397 125.9 .1810 -84.86 
.0397 134.1 .1770 -86.73 
.04o7 147.0 .1705 -89.80 
.0441 163.0 .1618 -94.03 
.0504 179.4 .1512 -99.37 
.0597 -165.5 .1391 -105.7 
.0712 -152.3 .1259 -113.1 
.0842 -140.8 .1121 -121.3 
.0980 -130.5 .0980 -130.5 
.1121 -121.3 .0842 -140.8 
.1259 -113.1 .0712 -152.3 
.1391 -105.7 .0597 -165.5 
.1512 -99.37 .0504 179.4 
.1618 -94.03 .0441 163.0 
.1705 -89.80 .0407 147.0 
.1770 -86.73 .0397 134.1 
.1810 -84.86 .0397 125.9 
.1824 -84.24 .0398 123.2 
.oooo ---- .oooo 
.0244 -127.4 .0205 
.0478 -126.2 .0406 
.0694 -124.3 .0596 
.0885 -121.6 .0773 
.1043 -118.4 .0930 
.1164 -114.6 .1065 
.1246 -110.3 .1171 
.1286 -105.7 .1246 
.1285 -100.9 .1285 
.1246 -95.95 .1286 
.1171 -91.11 .1246 
.1065 -86.50 .1164 
.0930 -82.27 .1043 
.0773 -78.58 .oee5 
.0596 -75.55 .0694 
.0406 -73.30 .0478 
.0205 -71.92 .0244 



















TABLE 1 (continued) 
8° ~0 IPe I Phase 0 IPe I Phase 0 IPm I Phase 0 IP I Phase 0 
1 2 T 1 ~2 
25 -90 .0316 108.7 .1728 -75.09 .0000 ---- .0000 
25 -80 .0314 112.1 .1714 -75.83 .0238 -137.8 .0180 
25 -70 .0312 122.3 .1673 -78.0~ .0~66 -136.4 .0356 
25 -60 .0322 138.3 .1607 -81.68 .0674 -134.0 .0525 
25 -50 .0358 157.5 .1519 -86.69 .0854 -130.8 .0683 
25 -4o .0426 176.3 .1~13 -92.98 .0999 -126.8 .0826 
25 -30 .0521 -167.3 .129~ -100.5 .1105 -122.0 .0951 
25 -20 .0636 -153.0 .1165 -109.0 .1170 -116.6 .1055 
25 -10 .0763 -140.4 .1032 •118.5 .1195 -110.7 .1133 
25 0 .0896 -129.0 .0896 -129.0 .1181 -104.5 .1181 
25 10 .1032 -118.5 .0763 -140.4 .1133 -98.05 .1195 
25 20 .1165 -109.0 .0636 -153.0 .1055 -91.66 .1170 
25 30 .1294 -100.5 .0521 -167.3 .0951 -85.50 .1105 
25 4o .1413 -92.98 .0426 176.3 .0826 -79.82 .0999 
25 50 .1519 -86.69 .0358 157.5 .0683 -74.81 .0854 
25 60 .1607 -81.68 .0322 138.3 .0525 -70.69 .0674 
25 70 .1673 -78.04 .0312 122.3 .0356 -67.63 .0466 
25 80 .171~ -75.83 .0314 112.1 .0180 -65.73 .0238 




















.0261 95.17 .1664 -66.61 .oooo ---- .oooo 
.0258 99.21 .1649 -67.46 .0229 -147.7 .0158 
.0254 111.4 .1607 -69.98 .0447 -146.0 .0312 
.0265 130.5 .1539 -74.15 .0643 -143.2 .0458 
.0304 152.6 .1~49 -79.89 .0809 -139.4 .0595 
.0374 173.1 .1342 -87.10 .0937 -134.5 .0719 
.0471 -169.5 .1222 -95.66 .1025 -128.8 .0830 
.0583 -154.3 .1095 -105.4 .1073 -122.1 .0925 
.0706 -140.6 .0964 -116.2 .1081 -114.8 .1002 
.0834 -128.0 .0834 -128.0 .1056 -106.9 .1056 
.0964 -116.2 .0706 -14o.6 .1002 -98.70 .1081 
.1095 -105.4 .0583 -154.3 .0925 -90.43 .1073 
.1222 -95.66 .0471 -169.5 .0830 -82.4o .1025 
.1342 -87.10 .0374 173.1 .0719 -74.93 .0937 
.1449 -79.89 .0304 152.6 .0595 -68.36 .0809 
.1539 -74.15 .0265 130.5 .0458 -62.96 .0643 
.1607 -69.98 .0254 111.4 .0312 -58.95 .0447 
.1649 -67.46 .0258 99.21 .0158 -56.48 .0227 




































TABLE 1 (continued) 
8° ~ 0 IPell Phase 0 1Pe21 Phase 0 IP~ll Phase 0 IP~21 Phase 0 
35 -90 ~0221 82.58 .1619 -58.81 .0000 ---- .0000 
35 -80 .0218 87e25 .1604 -59.75 .0218 -156.9 ,0144 134.7 
35 -70 .0214 101.4 .1560 -62.56 .0424 -155.0 .0282 131.8 
35 -60 .0225 123.6 .1489 -67.20 .0606 -151.8 .0411 126.9 
35 -50 .0266 148.0 .1397 -73.59 .0755 -147.3 .0528 120.3 
35 -4o .0339 169.7 .1288 -81.64 .0866 -141.6 .0632 112.2 
35 -30 .0434 -172.0 .1167 -91.21 .0936 -134.7 .0725 102.9 
35 -20 .0543 -155.9 .1040 -102.1 .0966 -126.8 .0806 92.75 
35 -10 .0661 -141.2 .0911 -114.2 .0961 -117.8 .0875 82.30 
35 0 .0784 -127.3 .0784 -127.3 .0929 -108.0 .0929 71.99 
35 10 .0911 -114.2 .0661 -141.2 .0875 -97.70 .0961 62.21 
35 20 .104o -102.1 .0543 -155.9 .0806 -87.25 .0966 53.24 
35 30 .1167 -91.21 .0434 -172.0 .0725 -77.12 .0936 45.25 
35 4o .1288 -81.64 .0339 169.7 .0632 -67.78 .0866 38.38 
35 5o .1397 -73.59 .0266 148.o .o52e -59.66 .o755 32.69 
35 60 .1489 -67.20 .0225 123.6 .0411 -53.07 .0606 2~.22 
35 70 .1560 -62.56 .0214 101.4 .0282 -48.24 .0424 25.00 
35 80 .160~ -59.75 .0218 87.25 .01~ -45.30 .0218 23.07 




















.0192 70.95 .1586 -51.67 .0000 ---- .0000 
.0189 76.22 .~570 -52.69 .0205 -165.5 .0136 
.0184 92.33 .1525 -55.76 .0397 -163.3 .0266 
.0196 117.3 .1453 -60.82 .0564 -159.7 .0384 
.024o 143.8 .1358 -67.81 .0696 -154.6 .0486 
.0313 166.3 .1246 -76.61 .0790 -148.0 .0573 
.o4o6 -174.7 .1123 -87.10 .o843 -14o.o .o645 
.0511 -157.7 .0995 -99.09 .0859 -130.6 .0708 
.0624 -141.8 .0868 -112.4 .0845 -119.8 .0763 
.0743 -126.7 .0743 -126.7 .0811 -107.9 .0811 
.0868 -112.4 .0624 -141.8 .0763 -95.32 .0845 
.0995 -99.09 .0511 -157.7 .0708 -82.65 .0859 
.1123 -87.10 .0406 -174.7 .0645 -70.56 .0843 
.1246 -76.61 .0313 166.3 .0573 -59.67 .0790 
.1358 -67.81 .024o 143.8 .0486 -50.44 .0696 
.1453 -60.82 .0196 117.3 .0384 -43.13 .0564 
.1525 -55.76 .0184 92.33 .0266 -37.87 .0397 
.1570 -52.69 .0189 76.22 .0136 -34.70 .0205 




















TABLE 1 (continued) 
9° ~0 IPell Phase 0 1Pe21 Phase 0 IP~l' Phase 0 IP~21 Phase 0 
~5 -90 .0171 60.29 .1561 -45.17 .oooo ---- .oooo 
~5 -80 .0166 66.13 .1545 -46.28 .0190 -173.5 .0132 153.6 
45 -70 .0161 84.13 .1499 -49.58 .0367 -171.0 .0257 150.4 
45 -60 .0174 111.7 .1424 -55.02 .0518 -167.0 .0368 145.0 
~5 -50 .0220 139.8 .1327 -62.54 .0635 -161.3 .0~60 137.5 
45 -~0 .0294 163.0 .1213 -72.02 .0712 -153.9 .0532 127.8 
45 -30 .038~ -177.4 .1089 -83.32 .0750 -1~.7 .0587 116.0 
45 -20 .0485 -159.6 .0960 -96.28 .0756 -133.7 .0631 102.5 
45 -10 .0593 -142.5 .0832 -110.6 .0737 -121.0 .0670 87.86 
45 0 .0709 -126.2 .0709 -126.2 .0706 -106.9 .0706 73.07 
45 10 .0832 -110.6 .0593 -1~2.5 .0670 -92.14 .0737 59.01 
~5 20 .0960 -96.28 .0485 -159.6 .0631 -77.54 .0756 46.31 
45 30 .1089 -83.32 .0384 -177.4 .0587 -64.02 .0750 35.32 
45 40 .1213 -72.02 .0294 163.0 .0532 -52.23 .0712 26.12 
45 50 .1327 -62.54 .0220 139.8 .o46o -42.51 .o635 18.70 
~5 60 .1~24 -55.02 .0174 111.7 .0368 -3~.97 .0518 12.99 
45 70 .1499 -49.58 .0161 84.13 .0257 -29.62 .0367 8.96 
45 80 .1545 -46.28 .0166 66.13 .0132 -26.42 .0190 6.55 




















.0154 50.64 .1541 -39.32 
.0149 57.02 .1525 -~0.50 
.0144 76.80 .1478 -44.01 
.0158 106.8 .1402 -49.80 
.0205 136.0 .1304 -57.80 
.0278 159.7 .1187 -67.88 
.0366 179.9 .1061 -79.91 
.0463 -161.3 .0930 -93.71 
.0567 -143.1 .0802 -109.1 
.0681 -125.7 .0681 -125.7 
.0802 -109.1 .0567 -1~3.1 
.0930 -93.71 .0463 -161.3 
.1061 -79.91 .0366 179.9 
.1187 -67.88 .0278 159.7 
.1304 -57.80 .0205 136.0 
.14o2 -49.80 .0158 106.8 
.1478 -44.01 .0144 76.80 
.1525 -40.50 .0149 57.02 
.1541 -39-32 .0154 50.64 
.oooo ---- .oooo 
.0174 179.2 .0127 
.0335 -178.2 .0246 
.0~70 -173.8 .0351 
.0570 -167.5 .0436 
.0632 -159.2 .0498 
.0659 -148.8 .0540 
.0656 -136.3 .0568 
.0638 -121.6 .0590 
.0613 -105.5 .0613 
.0590 -88.77 .0638 
.0568 -72.77 .0656 
.0540 -58.47 .0659 
.0498 -46.36 .0632 
.0436 -36.57 .0570 
.0351 -29.07 .0470 
.0246 -23.76 .0335 
.0127 -20.61 .0174 

























































TABLE 1 (continued) 
IP
91
1 Phase 0 IP
92
i Phase 0 IP~ 1 1 Phase
0 IP~ 2 1 Phase
0 
.0141 42.03 .1526 -34.11 .0000 ---- .oooo 
.0136 48.90 .1510 -35.35 .0157 172.4 .0119 163.4 
.0130 70.35 .1462 -39.05 .0300 175.2 .0230 160.2 
.0146 102.4 .1385 -45.16 .0418 -180.0 .0327 155.0 
.0194 132.5 .1284 -53.59 .0503 -173.2 .0405 147.6 
.0266 156.6 .1167 -64.20 .0552 -164.1 .0460 137.9 
.0351 177.5 .1039 -76.87 .0568 -152.5 .0494 125.7 
.0444 -162.9 .0907 -91.42 .0562 -138.4 .0510 111.2 
.0546 -143.7 .0778 -107.6 .0545 -121.9 .0519 94.35 
.0657 -125.2 .0657 -125.2 .0529 -103.8 .0529 76.18 
.0778 -107.6 .0546 -143.7 .0519 -85.65 .0545 58.12 
.0907 -91.42 .0444 -162.9 .0510 -68.84 .0562 41.60 
.1039 -76.87 .0351 177.5 .0494 -54.25 .0568 27.47 
.1167 -64.20 .0266 156.6 .0460 -42.14 .0552 15.93 
.1284 -53.59 .0194 132.5 .04o5 -32.44 .0503 6.84 
.1385 -45.16 .0146 102.4 .0327 -25.02 .0418 -0.01 
.1462 -39.05 .0130 70.35 .0230 -19.78 .0300 -4.75 
.1510 -35.35 .0136 48.90 .0119 -16.65 .0157 -7.56 
.1526 -34.11 .0141 42.03 .0000 ---- .oooo 
.0130 3~.50 .1514 -29.55 
.0125 41.81 .1497 -30.85 
.0120 64.76 .1448 -34.72 
.0136 98.61 .1371 -41.11 
.0185 129.4 .1269 -49.91 
.0256 153.8 .1150 -61.00 
.0338 175.3 .1021 -74.22 
.0428 -164.2 .0888 -89.41 
.0528 -144.2 .0759 -106.3 
.0638 -124.7 .0638 -124.7 
.0759 -106.3 .0528 -144.2 
.0888 -89.41 .0428 -164.2 
.1021 -74.22 .0338 175.3 
.1150 -61.00 .0256 153.8 
.1269 -49.91 .0185 129.4 
.1371 -41.11 .0136 98.61 
.1448 -34.72 .0120 64.76 
.1497 -30.85 .0125 41.81 
.1514 -29.55 .0130 34.50 
.oooo ---- .oooo 
.0137 166.4 .0106 166.1 
.0262 169.4 .0206 163.0 
.0363 174.5 .0294 157.? 
.0433 -178.2 .0364 150.4 
.0471 -168.4 .0414 14o.8 
.0480 -155.7 .0441 128.8 
.0472 -14o.1 .0451 114.2 
.0458 -121.8 .0450 96.96 
.0451 -102.2 .0451 77.79 
.0450 -83.04 .0458 58.15 
.0451 -65.85 .0472 39.91 
.o441 -51.24 .o48o 24.29 
.0414 -39.23 .0471 11.64 
.0364 -29.63 .0433 1.79 
.0294 -22.25 .0363 -5.54 
.0206 -17.02 .0262 -10.62 
.0106 -13.88 .0137 -13.60 
.0000 ---- .oooo ----
56 
TABLE 1 (continued) 
8° ~0 IPell Phase 0 1Pe21 Phase 0 IP~ll Phase 0 IP~21 Phase 0 
65 -90 .0122 28.08 .1505 -25.67 .oooo .oooo 
65 -80 .0117 35.76 .1488 -27.01 .0117 161.1 .0091 168.2 
65 -70 .0112 60.04 .1438 -31.03 .0222 164.3 .0178 165.0 
65 -60 .0129 95.38 .1360 -37.66 .0305 169.6 .0254 159.7 
65 -50 .0178 126.6 .1257 -46.78 .0362 177.4 .0315 152.3 
65 -4o .0248 151.4 .1137 -58.28 .0390 -172.0 .0358 142.8 
65 -30 .0328 173.3 .1007 -71.97 .0394 -158.4 .0381 130.8 
65 -20 .0416 -165.4 .0873 -87.70 .0386 -141.4 .0387 116.3 
65 -10 .0513 -144.6 .0743 -105.3 .0376 -121.6 .0382 99.00 
65 0 .0622 -124.3 .0622 -124.3 .0375 -100.8 .0375 79.21 
65 10 .0743 -105.3 .0513 -144.6 .0382 -81.00 .0376 58.36 
65 20 .0873 -87.70 .0416 -165.4 .0387 -63.68 .0386 38.61 
65 30 .1007 -71.97 .0328 173.3 .0381 -49.15 .0394 21.62 
65 4o .1137 -58.28 .0248 151.4 .0358 -37.24 .0390 7.96 
65 50 .1257 -46.78 .0178 126.6 .0315 -27.67 .0362 -2.58 
65 60 .1360 -37.66 .0129 95.38 .0254 -20.28 .0305 -10.37 
65 70 .1438 -31.03 .0112 60.04 .0178 -15.00 .0222 -15.72 
65 80 .1488 -27.01 .0117 35.76 .0091 -11.83 .0117 -18.85 




















.0116 22.78 .1497 -22.46 .oooo .oooo 
.0111 30.78 .1480 -23.84 .0095 156.8 .0074 169.8 
.0105 56.18 .1430 -27.98 .0179 160.0 .0145 166.5 
.0123 92.73 .1351 -34.81 .0246 165.6 .0207 161.2 
.0173 124.3 .1247 -42.41 .0290 173.8 .0258 153.7 
.0242 149.3 .1127 -56.04 .0310 -175.1 .0294 144.2 
.0320 171.7 .0996 -70.12 .0311 -160.5 .0313 132.3 
.0~6 -166.4 .0861 -86.30 .0303 -142.3 .0317 117.8 
.0502 -144.9 .0731 -104.4 .0298 -121.3 .0310 100.5 
.0610 -124.0 .0610 -124.0 .0301 -99.60 .0301 80.4o 
.0731 -104.4 .0502 -144.9 .0310 -79.47 .0298 58.66 
.o861 -86.30 .o4o6 -166.4 .0317 -62.15 .0303 37.65 
.0996 -70.12 .0320 171.7 .0313 -47.71 .0311 19.48 
.1127 -56.04 .0242 149.3 .0294 -35.85 .0310 4.92 
.1247 -42.41 .0173 124.3 .0258 -26.27 .0290 -6.22 
.1351 -34.81 .0123 92.73 .0207 -18.82 .0246 -14.39 
.1430 -27.98 .0105 56.18 .0145 -13.46 .0179 -19.98 
.1480 -23.84 .0111 30.78 .007~ -10.23 .0095 -23.23 





















TABLE 1 (continued) 
IPe I Phase 0 IPe I Phase 0 IP I Phase 0 1Pm
2
1 Phase 0 
1 2 (j)l T 
.0112 18.6~ .1~92 -19.95 .0000 oOOOO 
.0107 26.89 .1~75 -21.37 .0072 153-3 .0056 171.0 
.0101 53.18 .1424 -25.60 .0136 156.7 .0110 167.7 
.0119 90.6~ .1344 -32.58 .0185 162.4 .0158 162.3 
.0169 122.5 .12~0 -42.20 .0217 170.9 .0197 154.8 
.0237 147.6 .1119 -54.29 .0231 -177.5 .0225 145.1 
.0313 170.5 .0987 -68.68 .0230 -162.1 .0240 133.3 
.0398 -167.2 .0852 -85.20 .0224 -143.0 .0242 118.9 
.0493 -145.1 .0722 -103.6 .0222 -121.0 .0236 101.6 
.0601 -123.7 .0601 -123.7 .0227 -98.69 .0227 81.31 
.0722 -103.6 .0493 -145.1 .0236 -78.39 .0222 58.96 
.0852 -85.20 .0398 -167.2 .0242 -61.11 .0224 36.99 
.0987 -68.68 .0313 170.5 .024o -46.74 .0230 17.85 
.1119 -54.29 .0237 147.6 .0225 -34.88 .0231 2.55 
.1240 -42.20 .0169 122.5 .0197 -25.25 .0217 -9.09 
.1344 -32.58 .0119 90.64 .0158 -17.71 .0185 -17.56 
.1424 -25.60 .0101 53.18 .0110 -12.27 .0136 -23.33 
.1475 -21.37 .0107 26.89 .0056 -8.96 .0072 -26.69 
.1492 -19.95 .0112 18.64 .oooo ---- .oooo ----
8o -90 .o109 15.67 .1488 -18.14 .oooo .oooo 
8o -8o .o1o4 24.10 .1471 -19.59 .oo48 150.8 .0038 172.0 
80 -70 .0098 51.04 .1420 -23.89 .0091 154.2 .0074 168.6 
80 -60 .0117 89.15 .134o -30.99 .0124 160.1 .0106 163.1 
80 -50 .0166 121.1 .1235 -40.75 .0145 168.9 .0132 155.5 
80 -40 .0233 146.4 .1113 -53.03 .0153 -179.1 .0152 145.8 
80 -30 .0309 169.5 .0981 -67.65 .0152 -163.3 .0162 133.9 
80 -20 .0392 -167.7 .0846 -84.41 .0148 -143.4 .0164 119.6 
8o -1o .o487 -145.3 .0716 -103.1 .0147 -120.8 .0159 102.3 
80 0 .0595 -123.5 .0595 -123.5 .0152 -98.06 .0152 81.94 
80 10 .0716 -103.1 .0487 -145.3 .0159 -77.68 .0147 59.22 
80 20 .0846 -84.41 .0392 -167.7 .0164 -60.44 .0148 36.57 
80 30 .0981 -67.65 .0309 169.5 .0162 -46.11 .0152 16.71 
80 4o .1113 -53.03 .0233 146.4 .0152 -34.23 .0153 -0.86 
80 50 .1235 -40.75 .0166 121.1 .0132 -24.54 .0145 -11.14 
80 60 .1340 -30.99 .0117 89.15 .0106 -16.92 .0124 -19.85 
80 70 .1420 -23.89 .0098 51.04 .0074 -11.39 .0091 -25.76 
80 80 .1471 -19.59 .0104 24.10 .0038 -8.02 .0048 -29.18 



























TABLE 1 (continued) 
IP
81
1 Phase 0 IP
82
1 Phase 0 IP~ 1 1 Phase
0 IP~ 2 1 Phase
0 
.0107 13.88 .1~86 -17.06 .oooo .oooo 
.0102 22.~3 .1469 -18.51 .0024 1~9.3 .0019 172.6 
.0096 49.76 .1418 -22.86 .0046 152.8 .0037 169.2 
.0115 88.25 .1337 -30.02 .0062 158.8 .0053 163.6 
.0165 120.3 .1232 -39.88 .0072 167.6 .0066 155.9 
.0231 145.7 .1110 -52.28 .0076 179.8 .0076 146.1 
.0306 169.0 .0978 -67.03 .0076 -164.0 .0082 134.3 
.0389 -168.1 .0843 -83.9~ .007~ -143.7 .0082 119.9 
.0483 -145.4 .0712 -102.8 .D073 -120.6 ,0080 102.7 
.0591 -123.4 .0591 -123.4 .0076 -97.68 .0076 82.32 
.0712 -102.8 .0483 -145.4 .oo8o -77.27 .0073 59.39 
.0843 -83.94 .0389 -168.1 .0082 -60.07 .0074 36.34 
.0978 -67.03 .0306 169.0 .0082 -45.75 .0076 16.04 
.1110 -52.28 .0231 145.7 .0076 -33.86 .0076 -0.16 
.1232 -39.88 .0165 120.3 .0066 -24.11 .0072 -12.38 
.1337 -30.02 .0115 88.25 .0053 -16.43 .0062 -21.23 
.1418 -22.86 .0096 49.76 .0037 -10.84 ,0046 -27.22 
.1469 -18.51 .0102 22.43 .0019 -7.~ .0024 -30.69 
.1486 -17.06 .0107 13.88 .oooo .oooo ----
.0106 13.29 .1485 -16.70 .oooo .oooo 
.0101 21.87 .1468 -18.16 .oooo .oooo 
.0095 49.33 .1417 -22.52 .oooo .0000 
.0115 87.95 .1336 -29.70 .oooo .oooo 
.0164 120.0 .1231 -39.59 .oooo .oooo 
.0231 145.5 .1109 -52.03 .0000 .0000 
90 -30 .0305 168.8 .0977 -66.82 .oooo .0000 
.0388 -168.2 .0842 -83.79 90 -20 .oooo .oooo 
90 -10 .0482 -145.4 .0711 -102.7 .0000 .oooo 
90 0 .0590 -123.4 .0590 -123.4 .0000 .oooo 
90 10 .0711 -102.7 .0482 -145.~ .oooo .oooo 
90 20 .0842 -83.79 .0388 -168.2 .oooo .oooo 
90 ~g .0977 -66.82 .0305 168.8 .oooo .oooo 90 .1109 -52.03 .0231 145.5 .0000 .oooo 
90 50 .1231 -39.59 .0164 120.0 .oooo .oooo 
90 60 .1~36 -29.70 .0115 87.95 .0000 .oooo 
90 70 .1 17 -22.52 .0095 49.33 .oooo .oooo 
90 80 .1468 -18.16 .0101 21.87 .oooo .oooo 
90 90 .1485 -16.70 .0106 13.29 .oooo .oooo 
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TABLE 2 
PATTERN SUMMATION FUNCTIONS FOR TWO DIAMETRICALLY OPPOSED 
SLOTS OPERATING SIMULTANEOUSLY WITH SELECTED PHASING 
eo 'Po ~0 I P9 I I Phase
0 I p I I Phase 0 cp 
10 -90 0 .2245 -125.8 .. oooo 
10 -80 0 .2256 -126.2 .0114 180.0 
10 -70 0 .2291 -127.3 .0214 180.0 
10 -60 0 .2~4~ -129.0 .0288 180.0 
10 -~0 0 .2 1 -131.0 .0328 180.0 
10 - 0 0 .2lt92 -13~.0 .0329 180.0 
10 -30 0 .2467 -13 .8 .0289 180.0 
10 -20 0 .2631 -136.2 .021~ 180.0 
10 -10 0 .267~ -137 .o .011 180.0 
10 0 0 .268 -137.3 .oooo -8.62 
10 10 0 .2673 -137 .o .0114 -0.03 
10 20 0 .2631 -136.2 .0215' -0.03 
10 ~ 0 .2467 -134.8 .0289 -0.03 10 0 .2 92 -133.0 .0329 -0.03 
10 50 0 .2lt14 -131.0 .0328 -0.03 
10 60 0 • 23lt5 -129.0 .0288 -0.03 
10 70 0 .2291 -127.3 .0214 -0.03 
10 80 0 .225'6 -126.2 .0114 -0.03 
10 90 0 .2245 -125.8 ,0000 
10 -90 60 .1516 -56.12 .oooo 
10 -80 60 .1515 -57.44 .0329 -152.3 
10 -70 60 .1516 -61.31 .o64o -152.2 
10 -60 60 .1534 -67.40 .0918 -152. l-
10 -50 60 .1582 -75.06 .1148 -152.5 
10 -4o 60 .1672 -83.29 .1~19 -152.5 
10 -30 60 .1804 -91.11 .1 26 -152.7 
10 -20 60 .1969 -97.84 .1467 -152 .• 8 
10 -10 60 .2150 -103.2 .1445 -153.0 
10 0 60 .2~28 -107.3 .1368 -153.2 
10 10 60 .2 89 -110.3 .1247 -153.5 
10 20 60 .2624 -112.4 .1095 -153.8 
10 30 60 .2727 -113.8 .0926 -154.1 
10 40 60 .2800 -114.7 .0751 -154-.5 
10 50 60 .2846 -115.1 .0581 -154.8 
10 60 60 .2871 -115.~ .0420 -155.2 
10 70 60 • 2883 -115 • .0271 -155.5 
10 80 60 .2887 -115.4 .0133 -155.7 
10 90 60 .2888 -115.3 .0000 
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TABLE 2 (continued) 
eo cpo ~0 I Pe' I Phase 0 I P ' I cp Phase
0 
10 -90 120 .1690 31.82 .oooo 
10 -80 120 .1655 31.11 .Olt56 -122.9 
10 -70 120 .1554 28.81 .0896 -122.9 
10 -60 120 .1396 24.38 .1320 -122.9 
10 -40 120 .1201 16.66 .1660 -122.9 
10 - 0 120 .1006 3.57 .1957 -123.0 
10 -30 120 .0876 -17.16 .2181 -123.0 
10 -20 120 .0894 -42.53 .2326 -123.1 
10 -10 120 .1071 -63.67 .2388 -123.1 
10 0 120 .13ltlt -77.34 .2369 -123.2 
10 10 120 .1650 :..85.68 .2274 -123.~ 
10 20 120 .1951 -90.89 • 2111 -123 • 
10 ag 120 .2225 -94.21+ .1892 -123.5 10 120 .2461 -96.46 .1629 ..,123.6 
10 50 120 .2653 -97.93 .1333 -123.7 
10 60 120 .2800 -98.90 .1015' -123.7 
10 70 120 .2902 -99.50 .0683 ··123 .8 
10 80 120 .2963 -99.84 .0343 -123.8 
10 90 120 .2983 -99.94 .oooo 
10 -90 180 .2481 93.00 .oooo 
10 -80 180 .2446 93.00 .0461 -93.29 
10 -70 180 • 23lt0 92.99 .0911 -93.29 
10 -60 180 .2166 92.98 .1338 -93.27 
10 -50 180 .1926 92.96 .1728 -93.26 
10 -ItO 180 .1626 92.95 .2070 -93.24 
10 -30 1d0 .1271 92.93 .2352 -93.22 
10 -20 180 .0873 92.92 .2562 -93.21 
10 -10 180 .0445 92.91 .2692 -93.20 
10 0 180 .oooo 63.43 .2736 -93.20 
10 10 180 .oltlt-5 -87.09 .2692 -93.20 
10 20 180 .0873 -87.08 .2562 -93.21 
10 30 180 .1271 -87.07 .2352 -93.22 
10 ItO 180 .1626 -87.05 .2070 -93.24 
10 50 180 .1926 -87.0it .1728 -93.26 
10 60 180 .2166 -87.02 .1338 -93.27 
10 70 180 .2340 -87.01 .0911 -93.29 
10 80 180 • 2ltlt6 -87.00 .ol..t-62 -93.29 
10 90 180 .24-81 -87.00 .oooo 
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TABLE 2 (continued) 
eo cpo Bo I P8 ' I Phase
0 I P ' I q> Phase
0 
20 -90 0 .1482 -91.35 .oooo 
20 -80 0 .1483 -92.74 .0212 179.6 
20 -70 0 .1493 -96.73 .0399 179.6 
20 -60 0 .1521 -102.7 .054o 179.6 
20 -50 0 .1578 -109.E .0618 179.6 
20 -4o 0 .1665 -116.8 ,0621 179.6 
20 -30 0 .1768 -122.7 .0550 179.6 
20 -20 0 .1865 -127.0 .0410 179.6 
20 -10 0 .1935 -129.7 .0219 179.6 
20 0 0 .1960 -130.5 .0000 -9.86 
20 10 0 .1935 -129.7 .0219 -40.67 
20 20 0 .1865 -127.0 .0410 -40.80 
20 30 0 .1768 -122.7 .0550 -41.00 
20 40 0 .1665 -116.8 ,0621 -41.24 
20 50 0 .1578 -109.8 .0618 -41.50 
20 60 0 .1521 -102.7 .0540 -41.74 
20 70 0 .1493 -96.73 .0399 -41.95 
20 80 0 .1483 -92.74 .0211 -42.08 
20 90 0 .1482 -91.35 .oooo 
20 -90 60 .1504 -16.03 .oooo 
20 -80 60 .1476 -17.32 .0380 -156.6 
20 -70 60 .1401 -21.39 .0737 -156.7 
20 -60 60 .1299 -28.80 .1050 -156.8 
20 -50 60 .1203 -40.18 .1~00 -157.1 
20 -40 60 ,1162 -55.12 .1 70 -157.4 
20 -30 60 .1210 -71.05 .1551 -157.9 
20 -20 60 .1343 -84.61 .1542 -158.6 
20 -10 60 .1520 -94.32 .1448 -159.5 
20 0 60 ,1697 -100.5 .1285 -160.9 
20 10 60 ,184-3 -104.1 .1075 -162.7 
20 20 60 .1941 -105.6 .0845 -165.5 
20 30 60 .1987 -105.7 .0620 -169.4 
20 40 60 .1990 -104.6 .0422 -175.5 
20 50 60 .1963 -102.8 .0268 175.4 
20 60 60 .1923 -100.7 .0160 162.5 
20 70 60 .1885 -98.66 .0090 147.4 
20 80 60 .1859 -97.20 .004-2 135.2 
20 90 60 .1849 -96.67 .oooo 
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TABLE 2 (continued) 
eo cpo 00 I Pe' I Phase 0 I P 'I Phase 0 <p 
20 -90 120 .1884- 47.96 .oooo 
20 -eo 120 .1C34d 47.55 .04-48 -129.5 
20 -70 120 .1740 46.22 .0882 -129.5 
20 -60 120 .1564- 43.64 .1284 -129.5 
20 -50 120 .1330 39.02 .1639 -129.5 
20 -40 120 .1058 30.57 .1931 -129.7 
20 -30 120 .079'+ 14.13 .2143 -129.8 
20 -20 120 .0644 -16.05 .2265 -130.1 
20 -10 120 .0728 -50.00 .2292 -130.4-
20 0 120 .0980 -70.53 .2226 -130.9 
20 10 120 .1273 -80.76 .2077 -131.5 
20 20 120 .1543 -85.98 .1863 -132.2 
20 30 120 .1765 -88.68 .1603 -133.0 
20 4-o 120 .1931 -89.96 .1321 -134.0 
20 50 120 .20'+3 -90.4-2 .1034 -135 .o 
20 60 120 .2112 -90.41 .0756 -136.0 
20 70 120 .2149 -90.20 .0492 -136.8 
20 80 120 .2166 -89.99 .0242 -137.4 
20 90 120 .2170 -89.91 .oooo 
20 -90 180 .2185 100.6 ,0000 
20 -80 180 .2161 100.5 .0398 -102.2 
20 -70 180 .2087 100.4 .0791 -102.1 
20 -60 180 .1958 100.2 .1176 -101.9 
20 -50 180 .1770 100.0 .1542 -101.7 
20 -40 180 .1519 99.78 .1876 -101.4 
20 -30 180 .1207 99.57 .2162 -101.2 
20 -20 180 ,0839 99.41 .2383 ~101.0 
20 -10 180 ,0431 99.31 .2523 -100.9 
20 0 180 .oooo -180.0 .2570 -100.9 
20 10 180 .0431 -80.69 .2523 -100.9 
20 20 180 .0839 -80.59 .2383 -101.0 
20 ~ 1C30 .1207 
-80.43 .2162 -101.2 
20 180 .1519 -80.22 .1876 -101.4 
20 50 180 .1770 -79.99 .1542 -101.7 
20 60 180 .1958 -79.77 .1176 -101.9 
20 70 180 .2087 -79.59 .0791 -102.1 
20 80 180 .2161 -79.46 .0398 -102.2 
20 90 180 .2185 -79.42 .oooo 
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TABLE 2 (continued) 
eo cpo ~0 I Pe • I Phase 0 I P ' I Phase 0 cp 
30 -90 0 .1418 -63.32 .oooo 
30 -80 0 .1400 -65.03 .0281 178.1 
30 -70 0 .1352 -70.24- .0532 178.1 
30 -60 0 .1303 -79.02 .0724- 178.2 
30 -50 0 .1287 -90.67 .08~4- 178.2 
30 -4-o 0 .1~30 -10~.2 .08 5 178.2 
30 -30 0 .1 27 -11 .1 .0752 178.2 
30 -20 0 .1542 -122.0 .0564- 178.3 
30 -10 0 .1633 -126.5 .0302 178.3 
30 0 0 .1667 -128.0 .oooo -16.31 
30 10 0 .1633 -126.5 .0302 -1.74-
30 20 0 .154-2 -122.0 .0564 -1.75 
30 ~g 0 .1427 
-114-.1 .07~2 -1.77 
30 0 .1330 -103.2 .os 5 -1.79 
30 50 0 .1287 -90.67 .0834 -1.81 
30 60 0 .1303 -79.02 .0724 -1.84 
30 70 0 .1~52 -70.24- .0532 -1.85 
30 80 0 .1 00 -65.03 .0281 -1.87 
30 90 0 .1lt18 -63.32 .oooo 
30 -90 60 .1630 2.~9 .oooo 
30 -80 60 .1594- 1. 5 .0376 -159.4-
30 -70 60 .1lt90 -1.60 .0729 -159.5 
30 -60 60 .13~1 -7.55 .1038 -159.6 
30 -50 60 .11 8 -17.90 .1280 -159.9 
30 -4-o 60 .0998 -34-.52 .1436 -160.4 
30 -30 60 .0959 -56.ltl .1490 -161.1 
30 -20 60 .1061 -76.75 .llt37 -162.2 
30 -10 60 .124-9 -90.44 .1286 -164.0 
30 0 60 .1444 -98.00 .1056 -166.9 
30 10 60 .1592 -101.3 .0782 -172.1 
30 20 60 .1671 -101.6 .0509 177.4 
30 30 60 .1683 -99.49 .0294 153.1 
30 4-o 60 .1647 -95.48 .0218 106.7 
30 50 60 .1590 -90.05 .0252 73.79 
30 60 60 .1537 -84.02 .0266 60.11 
30 70 60 .1501 -78.53 .0221 54-.05 
30 80 60 .14-84 -74.71 .0125 51.32 
30 90 60 .14-79 -73.35 .oooo 
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TABLE 2 (continued) 
eo cpo ~0 I P8 ' I Phase
0 IP I I Phase 0 cp 
30 -90 120 .1866 58. '13 .oooo 
30 -80 120 .18~6 58.40 .0374 -13~ .o 
30 -70 120 .17 3 57.~7 .0739 -13 .9 
30 -60 120 .1585 55. 2 .1085 -134.8 
30 :ag 120 .1362 52.00 .1397 -134.7 30 120 .1081 45.73 .16~7 -13'+.7 
30 -30 120 .0774 32.69 .18 2 -134.9 
30 -20 120 .0535 2.44 .1938 -135.2 
30 -10 120 .056'1 -42.67 .1933 -135.9 
30 0 120 .0834 -68.00 .1829 -136.9 
30 10 120 .1138 -7!3.15 .1641 -138.5 
30 20 120 .1397 -82.17 .1396 -140.6 
30 30 120 .1585 -83.29 .1123 -143.6 
30 40 120 .1698 -82.74 .0854 -147.5 
30 50 120 .1750 -81.18 .0614 -152.4 
30 60 120 .1761 -79.13 .0413 -158.0 
30 70 120 .1753 -77.10 .0251 -163.6 
30 80 120 .1741 -75.61 .0118 -167.8 
30 90 120 .1736 -75.06 .0000 
30 -90 180 .1913 110.9 .oooo 
30 -80 180 .1901 110.8 .0276 -112.8 
30 -70 180 .1861 110.2 .0558 -112.1 
30 -60 180 .1783 109.4 .0841 -111.2 
30 -50 180 ,1651 108.5 .11 9 -110.1 
30 -40 180 .1453 107.6 .1441 -109.1 
30 -30 180 .1181 106.8 .1707 -108.2 
30 -20 180 .0836 106.3 .1922 -107.5 
30 -10 180 .0434 105.9 .2063 -107.1 
30 0 180 .oooo -63.43 .2112 -106.9 
30 10 180 .043lt -74-.11 .2063 -107.1 
30 20 180 .0836 -73.75 .1922 -107.5 
30 30 180 ,1181 -73.16 .1707 -108.2 
30 4-0 180 .14-53 -72.39 .144-1 -109.1 
30 50 180 .1651 -71.50 .11lt9 -110.1 
30 60 180 .1783 -70.59 .0851 -111.2 
30 70 180 .1861 -69.80 .0558 -112.1 
30 80 180 .1901 -69.25 .0276 -112.8 
30 90 180 .1913 -69.09 .oooo 
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TABLE 2 (continued) 
eo cpo ~0 I P9 ' I Phase
0 I P ' I cp Phase
0 
40 -90 0 .1491 -45.4-2 .0000 
40 -8C 0 .1459 -46.92 .0312 175.1 
40 -70 0 .1372 -51.70 .0592 175.2 
4-0 -60 0 .1257 -60.53 .0812 175.3 
40 -50 0 .1160 -74.02 .0942 175.4-
4o -40 0 .1138 -90.81 .0962 175.5 
40 -30 0 .1210 -106.7 .0863 175.6 
40 -20 0 .1~5 -118.2 .0651 175.6 
40 -10 0 .1 4- -124-.6 .0350 175.7 
4-0 0 0 .1486 -126.7 .oooo -24.78 
4-0 10 0 .1444- -124.6 .0350 -4-.33 
40 20 0 .1335 -118.2 .0651 -4.38 
40 30 0 .1210 -106.7 .0863 -4.45 
40 40 0 .1138 -90.81 .0962 -4.54 
40 50 0 .1160 -74.02 .0942 -4-.64 
4-0 60 0 .1257 -60.53 .0812 -4.73 
40 70 0 .1a72 -51.70 .0592 -4.81 
40 80 0 .1 59 -46.92 .0312 -4-.86 
40 90 0 .1491 -45.4-2 .oooo 
40 -90 60 .1683 14.16 .oooo 
40 -80 60 .164-8 13.44- .034-0 -161.2 
40 -70 60 .1542 11.08 .0662 -161.1 
40 -60 60 .1371 6.48 .0947 -161.1 
4-0 -50 60 .1153 -2.13 .1172 -161.1 
40 -40 60 .0933 -17.60 .1312 -161.3 
4-0 -30 60 .0810 -42.69 .1348 -161.7 
4-0 -20 60 .0874 -69.97 .1270 -162.6 
4-0 -10 60 .1073 -87.91 .1083 -164.3 
40 0 60 .128'1 -96.69 .0811 -167.9 
4-0 10 60 .1440 -99.66 .0497 -176.6 
4-0 20 60 .1506 -98.63 .0223 151.1 
4-0 30 60 .1495 -94.33 .0232 72.130 
4-0 40 60 .1441 -87.13 .0395 48.40 
4-0 50 60 .138? -77.77 .0485 4-1.14 
40 60 60 .1359 -67.85 .0476 37.99 
40 70 60 .1366 -59.39 .0375 36.4-0 
4-0 80 60 .1384 -53.90 .0205 35.63 
4-0 90 60 .1393 -52.03 .0000 
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TABLE 2 (continued) 
eo <po Bo I Pe' I Phase 0 I P ' I Phase 0 <p 
4-o -90 120 .1778 68.62 .0000 
4-0 -80 120 .1757 68.26 .0281 -138.2 
4-0 -70 120 .1689 67.18 .0562 -137.8 
Ito -60 120 .1565 65.28 .0839 -137.2 
4-0 -50 120 .1372 62.25 .1099 -136.6 
4-0 -4-0 120 .1107 57.13 .1a22 -136.2 
4-0 -30 120 .0786 4-6.77 .1 86 -135.9 
40 -20 120 .o48lt 19.4-9 .1558 -136.0 
40 -10 120 .0458 -36.21 .1532 -136.6 
40 0 120 .074-a -66.69 .1404- -137·9 
40 10 120 .106 -76.46 .1193 -140.2 
40 20 120 .1319 -79.21 .0930 -14l.t-.1 
40 30 120 .1482 -78.65 .0660 -151.0 
4-0 40 120 .1559 -76.02 .0426 -163.2 
40 50 120 .1573 -71.97 .0264 175.6 
40 60 120 .1555 -67.20 .0182 147.6 
Ito 70 120 .1530 -62.65 .013l.t- 125.8 
40 80 120 .1513 -59.37 .0075 114.6 
40 90 120 .1507 -58.18 .0000 
40 -90 180 .1697 122.9 .0000 
40 -80 180 .1695 122.3 .0155 -123.7 
40 -70 180 .1684 120.9 .0325 -121.4 
40 -60 180 .1648 119.0 .0521 -118.4 
40 -50 180 .1567 116.H .0746 -115.4 
40 -40 180 .1416 114.8 .0989 -112.7 
40 -30 180 .1178 113.1 .1228 -110.5 
4-0 -20 180 .0850 111.8 .1433 -109.1 
40 -10 180 .0446 111.1 .1572 -108.2 
4-0 0 180 .0000 .1622 -107.9 
40 10 180 .0446 -68.95 .1572 -108.2 
40 20 180 .0850 -68.19 .1433 -109.1 
40 30 180 .1178 -66.94- .1228 -110.5 
40 40 1HO .1416 -65.25 .0989 -112.7 
40 50 180 .1567 -63.21 .0746 -115.4 
40 60 H30 .1648 -61.04 .0521 -118.4 
40 70 180 .1684 -59.07 .0325 -121.4 
4-0 80 180 .1695 -57.66 .0155 -123-7 
40 90 180 .1697 -57.15 .0000 
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TABLE 2 (continued) 
eo q:>o ~0 I Pe • I Phase 0 I P ' I q:> Phase
0 
50 -90 0 .1549 -3~·63 .oooo 
50 -80 0 .1513 -3 .89 .0297 170.8 
50 -70 0 .1410 -38.99 .0567 171.0 
50 -60 0 .1259 -46.94 .0783 171.2 
50 -50 0 .1105 -60~~4 .0916 171.5 
50 -4o 0 .1021 -79. 9 .0945 171.7 
50 -30 0 .1059 -99.78 .0854 171.9 
50 -20 0 .1187 -114.8 .0649 172.1 
50 -10 0 .1311 -123.1 .0350 172.2 
50 0 0 .1361 -125.7 .oooo -18.43 
50 10 0 .1311 -12~.1 .0350 -7.76 
50 20 0 .1187 -11 .8 .o649 -7.87 
50 ~g 0 .1059 -99.78 
.0854 -8.05 
50 0 .1021 -79.49 .0945 -8.28 
50 50 0 .1105 -60.34 .0916 -8.54 
50 60 0 .1259 -46. 9'+ .0783 -8.79 
50 70 0 .1'+10 -38.99 .0567 -9.01 
50 80 0 .1513 -34.89 .0297 -9.15 
50 90 0 .154-9 -33.63 .oooo 
50 -90 60 .1676 23.30 .oooo 
50 -80 60 .1646 22.67 .0284 -164.0 
50 -70 60 .1553 20.62 .0556 -163.7 
50 -60 60 .1393 16.66 .OCl02 -163.2 
50 -50 60 .1171 9.47 .1001 -162.8 
50 -40 60 .0918 -4.14- .1128 -162.4 
50 -30 60 .0727 -29.74 .1159 -162.2 
50 -20 60 .0745 -63.20 .1080 -162.3 
50 -10 60 .0949 -85.67 .0890 -163.1 
50 0 60 .1179 -95.65 .0613 -165.5 
50 10 60 .1336 -9Cl.36 .0292 -174-.3 
50 20 60 .1390 -96.22 .0096 82.52 
50 30 60 .1361 -89.89 .0334 36.34 
50 40 60 .1299 -79.66 .0517 30.66 
50 50 60 .1262 -66.79 .0594- 28.60 
50 60 60 .1279 -54.02 .0560 27.59 
50 70 60 .1334 -44.10 .0431 27.02 
50 80 60 .1389 -38.14 .0233 26.73 
50 90 60 .1411 -36.19 .0000 
L 
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TABLE 2 (continued) 
eo cpo ~0 I Pe I I Phase 0 I p I I q> Phase
0 
50 -90 120 .1676 78.05 .0000 
50 -80 120 .1664 77.54 .0197 -141.3 
50 -70 120 .1622 76.06 .0400 -140.3 
50 -60 120 .1532 73.72 .0612 -138.9 
50 -50 120 .1375 70.44 .0823 -13 7. 5 
50 -40 120 .1135 65.63 .1014 -136.2 
50 -30 120 .0816 56.89 .1157 -135.2 
50 -20 120 .0476 33.64 .1224 -134.7 
50 -10 120 .0383 -29.39 .1193 -134.7 
50 0 120 .0681 -65.65 .1062 -135.5 
50 10 120 .1015 -75.18 .0847 -137.5 
50 20 120 .1267 -76.89 .0585 -142.2 
50 30 120 .1410 -74.86 .0347 -154.2 
50 4-0 120 .1460 -70.23 .0152 164.9 
50 50 120 .1453 -63.65 .0165 102.4 
50 60 120 .1429 -56.11 .0210 82.00 
50 70 120 .1413 -49.10 .0192 75.15 
50 80 120 .1410 -44.19 .0113 72.41 
50 90 120 .1410 -4-2.44 .0000 
50 -90 180 .1549 135 .o .0000 
50 -80 180 .1552 134.0 .0070 -142.6 
50 -70 180 .1556 131.4 .0155 -134.8 
50 -60 180 .1549 127.9 .0273 -125.9 
50 -50 180 .1504 124.1 .0435 -118.4-
50 -40 180 .1390 120.6 .0635 -113.0 
50 -30 180 .1182 117.8 .0849 -109.3 
50 -20 180 .0867 115.8 .1042 -107.1 
50 -10 180 .0460 114.7 .1178 -105.9 
50 0 180 .0000 -45.00 .1226 -105.5 
50 10 180 .0460 -65.33 .1178 -105.9 
50 20 180 ,0867 -64.15 .1042 -107.1 
50 30 180 .1182 -62.17 .0849 -109.3 
50 40 180 .1390 -59.39 .0635 -113.0 
50 50 180 .1504 -55.93 .0435 -118.4 
50 60 180 .1549 -52.13 .0273 -125.9 
50 '10 180 .1556 -48.55 .0155 -134.8 
50 80 180 .155'2 -45.97 .0070 -142.6 
50 90 180 .1549 -45.02 .oooo 
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TABLE 2 (continued) 
eo cpo so I P9 1 I Phase 0 I p I I cp Phase 0 
60 -90 0 .1576 -25.29 .oooo 
60 -80 0 .1539 -26.39 .0244 166.3 
60 -70 0 .1434 -30.00 .o468 166.6 
60 -60 0 .1270 -37.1lt .0650 167.0 
60 -50 0 .1084 -49.79 .0768 167.5 
60 -4o 0 .0952 -69.83 .0799 168.0 
60 -30 0 .0956 -93.56 .0729 168.lt 
60 -20 0 .1082 -111.9 .0557 168.7 
60 -10 0 .1219 -121.7 .0302 168.9 
60 0 0 .1276 -124.7 .oooo -10.30 
60 10 0 .1219 -121.7 .0302 -11.05 
60 20 0 .1082 -111.9 .05'57 -11.26 
60 ~g 0 .095'6 -93.56 .0729 
-11.60 
60 0 .0952 -69.83 .0799 -12.04 
60 50 0 .1084 -49.79 .0768 -12.53 
60 60 0 .1270 -37.14 .0650 -13.02 
60 70 0 .1lt34 -30.00 .0468 -13.44 
60 80 0 .1539 -26.39 .024-4- -13.72 
60 90 0 .1576 -25.29 .oooo 
60 -90 60 .16ltlt 30.77 .oooo 
60 -80 60 .1620 30.1? .0212 -167.9 
60 -70 60 .1543 28.10 .0419 -167.2 
60 -60 60 .1lto1 24.37 .0611 -166.3 
60 -50 60 .1190 17.89 .0773 -165.2 
60 -4-o 60 .0925 5.76 .0881 -16lt.1 
60 -30 60 .0690 -18.86 .0913 -163.1 
60 -20 60 .0660 -56.81 .0850 -162.4 
60 -10 60 .0863 -83.63 .0690 -162.0 
60 0 60 .1105 -94.74 .olt51 -162.2 
60 10 60 .1263 -97.28 .0167 -165.1 
60 20 60 .1307 -94.23 .0116 27.26 
60 30 60 .1263 -86.15 .0350 22.42 
60 40 60 .1199 -73.27 .0504 21.55 
60 50 60 .1185 -57.63 .0559 21.12 
60 60 60 .1243 -43.23 .0517 20.82 
60 70 60 .1337 -32.93 .0393 20.61 
60 80 60 .1415 -27.12 .0211 20.47 
60 90 60 .144-5 -25.27 .oooo 
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TABLE 2 (continued) 
eo cpo Bo I P8 ' I Phase
0 IP 'I Phase 0 cp 
60 -90 120 .1591 86.55 .0000 
60 -80 120 .1585 85.81 .0125 -146.1 
60 -70 120 .1561 83.74 .0261 -14-4.1 
60 -60 120 .14-99 80.64- .0411 -141.4 
60 -50 120 .1373 76.74 .0573 -138.7 
60 -40 120 .1157 71.73 .0729 -136.3 
60 -30 120 .0847 63.72 .0853 -134.5 
60 -20 120 .04-86 43.62 .0915 -133.1 
60 -10 120 .0336 -22.76 .0893 -132.'+ 
60 0 120 .0638 -6l.t-.74 .0781 -132.2 
60 10 120 .0982 -74-.16 .0592 -133.0 
60 20 120 .1228 -75.09 .0359 -136.0 
60 ~g 120 .1355 -71.87 .0130 
-150.'1 
60 120 .1386 -6 5. 5'0 .0090 8~.14 
60 50 120 .1369 -a6.68 .0208 6 .74 
60 60 120 .135~ - 6.79 .0251 60.84 
60 70 120 .135 -37.94 .0217 59-36 
60 80 120 .1375 -32.00 .0124 58.72 
60 90 120 .1384 -29.94 .oooo 
60 -90 180 .1462 14~.8 .0000 
60 -eo 1eo .1465 14 .5 .0031 167.3 
60 -70 180 .1473 140.7 .0062 -168.5 
60 -60 180 .1477 135.5 .0117 -139.3 
60 -50 H30 .1454 130.0 .0226 -120.9 
60 -4o 180 .1368 125.1 .0383 -111.5 
60 -30 180 .1182 121.3 .0565 -106.6 
60 -20 180 .0879 118.6 .0736 -103.9 
60 -10 180 .0471 117.1 .0857 -102.6 
60 0 180 .0000 -21.80 .0901 -102.2 
60 10 180 .0471 -62.92 .0857 -102.6 
60 20 180 .0879 -61.36 .0736 -103.9 
60 30 180 .1182 -58.69 .0565 -106.6 
60 4o 180 .1368 -54.87 .0383 -111.5 
60 50 180 .1454 -50 .oo .0226 -120.9 
60 60 180 .1477 -44.52 .0117 -139.3 
60 70 180 .1473 -39.32 .0062 -168.5 
60 80 180 .1465 -35.54 .0031 -167.3 
60 90 180 .1462 -34.16 .oooo 
71 
TABLE 2 (continued) 
eo <po ~0 I P9 ' I Phase
0 IP I I <p Phase
0 
70 -90 0 .1581 -19.46 .0000 
70 -80 0 .1547 -20.49 .0168 162.5 
70 -70 0 .1445 -23.82 .0324 162.9 
70 -60 0 .1279 -30.42 .0453 163.6 
70 -50 0 .1078 -42.38 .0539 164.3 
70 -40 0 .091lt -62.52 .0566 165.1 
70 -30 0 .0890 -88.57 .0520 165.7 
70 -20 0 .1013 -109.5 .0400 166.2 
70 -10 0 .1159 -120.7 .0218 166.6 
70 0 0 .1220 -124.0 .0000 -8.43 
70 10 0 .1159 -120.7 .0218 -13.45 
70 20 0 .1013 -109.5 .04-00 -1a.76 
70 ~g 0 .0890 -88.57 
.0520 -1 .27 
70 0 .0914 -62.52 .0566 -14.92 
70 50 0 .1078 -4-2.38 .0539 -15.66 
70 60 0 .1279 -30.42 .045~ -16.42 
70 70 0 .1445 -23.82 .032 -17.07 
70 80 0 .1547 -20.49 ,0168 -17.51 
70 90 0 .1581 -19.46 .0000 
70 -90 60 .1610 36.49 .0000 
70 -80 60 .1591 35.78 .0136 -171.8 
70 -70 60 .152'7 33.64 .0272 -170.7 
70 -60 60 .1403 29.85 .• 0401 -169.2 
70 -50 60 .1204 23.62 .0515 -167.4 
70 -40 60 .0938 12.39 .0595 -165.7 
70 -30 60 .0676 -11.00 .0623 -164.1 
70 -20 60 .0608 -51.59 .0584 -162.7 
70 -10 60 .0808 -81.99 .0472 -161.4 
70 0 60 .1057 -94.01 .0301 -159.6 
70 10 60 .1215 -96.4lt .0097 -153.1 
70 20 60 .1250 -92.70 .0110 10.62 
70 30 60 .1195 -83.25 .0278 15.lt3 
70 4o 60 .1133 -68.30 .0385 16.31 
70 50 60 .1140 -50.74 .0420 16.51 
70 60 60 .1229 -35.56 .0384 16.47 
70 70 60 .1346 -25.36 .0290 16.36 
70 80 60 .1437 -19.81 .0155 16.25 
70 90 60 .1471 -18.08 .0000 
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TABLE 2 (continued) 
eo cpo Bo I P8 ' I Phase
0 I P ' I cp Phase
0 
70 -90 120 .1532 93.34- .oooo 
70 -80 120 .1530 92.37 .0070 -152.1 
70 -70 120 .1517 89.68 .014-9 -148.7 
70 -60 120 .1473 85.82 .024-lt -144-.3 
70 =~ 
120 ~1368 81.23 .oa53 -140.2 
70 120 .1171 75.82 .o 65 -136.7 
70 -30 120 .0870 68.05 .0559 -134.0 
70 -20 120 .0500 49.S9 .0611 -132.0 
70 -10 120 .0308 -17.29 .0601 -130.6 
70 0 120 .0610 -64.01 .0522 -129.6 
70 10 120 .0959 -73.41 .0383 -129.0 
70 20 120 .1201 -73.79 .0212 -128.7 
70 ~g 120 .1315 -69.67 .0039 
-130.6 
70 120 .1332 -61.96 .0102 53.15 
70 50 120 .1313 -51.s9 .0184 52.72 
70 60 120 .1309 -39. 1 .021 52.59 
70 70 120 .1335 -29.84 .0180 ,2.z2 
70 80 120 .1370 -23.41 .0102 52. 7 
70 90 120 .1385 -21.23 .oooo 
70 -90 180 .1418 154.2 .oooo ----
70 -80 180 .1419 152.5 .0028 119.7 
70 -70 180 .1423 147.8 .0039 135.2 
70 -60 180 .1429 141.a .0042 -172.2 
70 -50 180 .1417 134. .0100 -124.2 
70 -4o 180 .1349 128.4 .0211 -109.4-
70 -30 180 .1180 123.7 .0345 -103.8 
70 -20 180 .0887 120.5 .0475 -101.2 
70 -10 180 .0478 118.6 .0568 -99-96 
70 0 180 .oooo -14.04- .0602 -99.60 
70 10 180 .0478 -61.37 .0568 -99.96 
70 20 180 .0887 -59.52 .0475 -101.2 
70 30 180 .1180 -53.31 .0345 -103.8 
70 40 180 .1349 -51.64 .0211 -109.4 
70 50 180 .14-17 -45.60 .0100 -124.2 
70 60 180 .1429 -38.73 .004-2 -172.2 
70 70 180 .14-23 -32.21 .0039 135.2 
70 80 180 .1~19 -27.51 .0028 119.7 
70 90 180 .1418 -25.80 .oooo 
-
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TABLE 2 (continued) 
eo cpo ~0 I P8 ' I Phase
0 I p I I cp Phase
0 
80 -90 0 .1580 -15.95 .oooo 
80 -80 0 .1547 -16.94 .0085 160.1 
eo -70 0 .1449 -20.15 .0163 160.7 
80 -60 0 .1285 -26.4-8 .0230 161.5 
80 -50 0 .1078 -38.00 .0275 162.5 
80 -40 0 .0897 -58.01 .0290 16a.4 
eo -30 0 .0854 -85.34 .0268 16 .2 
80 -20 0 .0973 -1oe.o .0207 164.8 
80 -10 0 .1125 -120.0 .0113 165.2 
eo 0 0 .1189 -123.5 .oooo -~-95 
80 10 0 .1125 -120.0 .0113 -1 .78 
80 20 0 .097~ -108.0 .0207 -15.16 
80 ~g 0 .085 -85.34 
,0268 -15.79 
80 0 ,0897 -58.01 .0290 -16.60 
eo 50 0 .1078 -38.00 .0275 -17.54 
80 60 0 .1285 -26.48 .0230 -18.50 
80 70 0 .14-49 -20.15 .0163 -19.34 
80 80 0 .1547 -16.94 ,0085 -19.91 
80 90 0 .1580 -15.95 .oooo 
80 -90 60 .1587 40.12 .oooo 
80 -80 60 .1570 39.35 ,0066 -174.6 
so -70 60 .1515 37.06 .0132 -173.2 
80 -60 60 .1401 33.16 .0196 -171.2 
80 -50 60 .1212 26.97 .0254 -168.9 
80 -40 60 .0948 16.17 .0297 -166.7 
80 -30 60 .0673 -6.36 .0314 -164.7 
80 -20 60 .0581 -4-8.20 .0296 -162.9 
80 -10 60 .0776 -80.94 .0240 -161.0 
80 0 60 .1030 -93.55 .0152 -158.1 
80 10 60 .1188 -95.91 .oo46 -144.7 
80 20 60 .1217 -91.75 .0064 4.28 
80 30 60 .1156 -81.40 .0151 12.03 
80 40 60 .1095 -65.13 .0206 13.60 
80 50 60 .1117 -46.47 .0222 14.04 
80 60 60 .1223 -31.00 .0202 14.08 
80 70 60 .1353 -20.95 .0152 13.98 
80 80 60 .1450 -15.61 .0081 13.87 
80 90 60 .1485 -13.95 .oooo 
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TABLE 2 (continued) 
eo q>o ~0 I Pe I I Phase 0 I p I I Phase 0 cp 
80 -90 120 .1499 97-70 .0000 
80 -80 120 .1499 96.57 .0030 -157.7 
80 -70 120 .1491 93.45 .0066 -152.7 
80 -60 120 .1456 89.03 .0111 -14-6.7 
80 -50 120 .1364 83.92 .0166 -141.2 
80 -40 120 .1179 78.19 .0225 -136.9 
80 -30 120 .0884 70.4-6 .0276 -133.7 
80 -20 120 .0510 53.30 .0306 -131.4 
80 -10 120 .0293 -13.77 .0303 -129.6 
80 0 120 .0595 -63.55 .0263 -128.1 
80 10 120 .0946 -72.94 .0191 -126.5 
80 20 120 .1184 -73.00 .0100 -123.5 
80 30 120 .1290 -63.32 .0012 -~.00 
80 4o 120 .1300 -59.74 .0066 • 51 
80 50 120 .1280 -48.07 .0110 48.01 
80 60 120 .1286 -35.50 .0121 48.99 
80 70 120 .1326 -24.98 .0100 49.37 
80 80 120 .1372 -18.37 .0056 49.52 
80 90 120 .1391 -16.16 .oooo 
80 -90 180 .1399 159.4 .oooo 
80 -80 180 .1398 157.5 .0019 104.6 
80 -70 180 .1~8 152.2 .0027 111.5 
80 -60 180 .1 2 144.9 .0019 143.7 
80 -50 180 .1394 137.1 .0035 -128.4 
80 -40 180 .1336 130.3 .0092 -107.5 
80 -30 180 .1178 125.1 .0164 -101.8 
80 -20 180 .0890 121.5 .0234 -99.41 
80 -10 180 .0482 119.5 .0285 -98.36 
80 0 180 .0000 -33.69 .0303 -98.06 
80 10 180 .0482 -60.50 .0285 -98.36 
80 20 180 .0890 -58.4-7 .0234 -99.41 
80 30 180 .1178 -54.91 .0164- -101.8 
80 lto 180 .1336 -49.69 .0092 -107.5 
80 50 180 .1394- -42.88 .0034 -128.4 
80 60 180 .1402 -3 5.11 .0019 llr3.7 
80 70 180 .1398 -27-76 .0027 111.5 
80 80 180 .1398 -22.52 .0019 104.6 
80 90 180 .1399 -20.63 .oooo 
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TABLE 2 (continued) 
eo 0 Bo I P9 ' I Phase
0 IP 'I Phase 0 cp cp 
90 -90 0 .1578 -14.76 .oooo 
90 -80 0 .1547 -15.75 .0000 159.3 
90 -70 0 .1449 -18.93 .0000 159.9 
90 -60 0 .1287 -25.18 .oooo 160.8 
90 -50 0 .1079 -36.55 .oooo 161.8 
90 -40 0 .0892 -56.49 .oooo 162.9 
90 -30 0 .0843 -b4.22 .0000 16~.7 
90 -20 0 .0961 -107.5 .0000 16 .4 
90 -10 0 .1114 -119.8 .oooo 164.8 
90 0 0 .1179 -123.4 .oooo o.oo 
90 10 0 .1114 -119.8 .0000 -15.19 
90 20 0 .0961 -107.5 .0000 -15.60 
90 ag 0 .0843 -84.22 .oooo -16.27 90 0 .0892 -56.49 .0000 -1§.14 
90 50 0 .1079 -36.55 .oooo -1 .16 
90 60 0 .1287 -25.H~ .oooo -19.19 
90 70 0 .1449 -18.93 .oooo -20.10 
90 80 0 .1547 -15.75 .0000 -20.72 
90 90 0 .1578 -14.76 .0000 
90 -90 60 .1578 41.37 .oooo 
90 -80 60 .1563 40.58 .0000 -175.6 
90 -70 60 .1510 38.23 .oooo -174.0 
90 -60 60 .1401 34.26 .oooo -171.9 
90 -50 60 .1215 28.08 .oooo -169.4 
90 -4o 60 .0952 17.40 .oooo -167.1 
90 -30 60 .0673 -4.84 .0000 -164.9 
90 -20 60 .0573 -47.03 .0000 -162.9 
90 -10 60 .0766 -80.58 .oooo -160.8 
90 0 60 .1021 -93.39 .oooo -157.6 
90 10 60 .1179 -95.73 .oooo -142.0 
90 20 60 .1206 -91.42 .0000 2. 53 
90 30 60 .1142 -80.76 .0000 11.01 
90 40 60 .1083 -64.04 .oooo 12.77 
90 50 60 .1110 -45.02 .oooo 13.28 
90 60 60 .1222 -29.48 .oooo 13.33 
90 70 60 .1~55 -19.51 .0000 13.22 
90 80 60 .1 54 -14.23 .0000 13.10 
90 90 60 .1489 -12.59 .oooo 
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TABLE 2 (continued) 
eo cpo ~0 I P8 I I Phase 
0 IP I I Phase 0 
(j) 
90 -90 120 .1489 99.20 .0000 
90 -80 120 .1489 98.01 .oooo -160.1 
90 -70 120 .1482 94-.73 .oooo -154.3 
90 -60 120 .1451 90.11 .oooo -147.6 
90 -50 120 .1362 84.82 .oooo -141.6 
90 -40 120 .1181 78.97 .oooo -137 .o 
90 -30 120 .0888 71.2~ .oooo -133.6 
90 -20 120 .0514 54.3 .oooo -131.1 
90 -10 120 .0289 -12.56 .oooo -129.2 
90 0 120 .0590 -63.39 .oooo -127.6 
90 10 120 .0942 -72. '18 .oooo -125.6 
90 20 120 .1179 -72.73 .0000 -121.6 
90 ~g 120 .1281 -67.86 .0000 -62.50 90 120 .1289 -58 .9() .oooo 42 .4-l+ 
90 50 120 .1269 -46.94 .oooo 46.71 
90 60 120 .1278 -34.05 .oooo 47.95 
90 70 120 .1324 -23.36 .oooo 48.45 
90 80 120 .137~ -16.71 .oooo 4~3.64 
90 90 120 .139 -14.51 .oooo 
90 -90 180 .1394 161.1 .0000 
90 -80 180 .1392 159.2 .oooo 101.1 
90 -70 180 .1390 153·7 .oooo 106.2 
90 -60 180 .1393 14-6.1 .oooo 129.8 
90 -50 180 .1387 138.0 .oooo -130.9 
90 -40 180 .1331 131.0 .oooo -106.8 
90 -30 180 .1176 125.6 .oooo -101.1 
90 -20 180 .0892 121.9 .oooo -98.81 
90 -10 180 .0483 119.8 .oooo -97.84-
90 0 180 .oooo 14.04 .oooo -97.56 
90 10 180 .04-83 -60.21 .oooo -97.84 
90 20 180 .0892 -58.12 .oooo -98.81 
90 30 180 .1176 -54-.4-5 .oooo -101.1 
90 4o 1()0 .1331 -49.04 .0000 -106.8 
90 50 180 .1387 -41.96 .oooo -130.9 
90 60 180 .1393 -33.88 .oooo 129.8 
90 70 180 .1390 -26.26 .oooo 106.2 
90 80 180 .1392 -20.83 .0000 101.1 




PATTERN SUMMATION FUNCTIONS FOR TWO DIAMETRICALLY OP?OSED 
SLOTS OPERATING SIMULTANEOUSLY INPHASE (LONGITUDINAL CUTS) 
eo cpo ~0 I P9 1 I Phase
0 0 ~0 I P8 I I Phase
0 cp 
5 90 0 .37~2 -141.9 lHO 0 .4004 -144.9 
10 90 0 .22 5 -125.8 180 0 .2685 -137.3 
15 90 0 .1705 -108.6 180 0 .2214 -133.1 
20 90 0 .1482 -91.35 180 0 .1960 -130.5 
25 90 0 .1413 -75.93 180 0 .1792 -129.0 
30 90 0 .141H -63.32 180 0 .1667 -128.0 
ag 90 0 .1452 -~3-a5 180 0 .1568 -127.3 90 0 .1491 - 5. 2 180 0 .1486 -126.7 
45 90 0 .1524 -38.98 180 0 .1418 -126.2 
50 90 0 .1549 -33.63 180 0 .1361 -125.7 
55 90 0 .1566 -29.11 180 0 .1314 -125.2 
60 90 0 .1576 -25.29 180 0 .1276 -124.7 
65 90 0 .1580 -22.08 180 0 .1245 -124.3 
70 90 0 .1581 -19.46 180 0 .1220 -124.0 
75 90 0 .1581 -17.42 180 0 .1202 -123.7 
80 90 0 .1580 -15.95 180 0 .1189 -123.5 
85 90 0 .1579 -15.06 180 0 .1182 -123.4 
90 90 0 .1578 -14.76 180 0 .1179 -123.4 
95 90 0 .1579 -15.06 180 0 .1182 -123.4 
100 90 0 .1580 -15.95 180 0 .1189 -123.5 
105 90 0 .1581 -17.42 180 0 .1202 -123.7 
110 90 0 .1581 -19.46 180 0 .1220 -124.0 
115 90 0 .1580 -22.08 180 0 .1245 -124.3 
120 90 0 .1576 -25.29 180 0 .1276 -124.7 
125 90 0 .1566 -29.11 180 0 .• 1314 -125.2 
130 90 0 .1549 -33.63 180 0 .1361 -125.7 
135 90 0 .1524 -38.98 180 0 .1418 -126.2 
140 90 0 .1491 -45.42 180 0 .1486 -126.7 
145 90 0 .1452 -53.35 180 0 .1568 -127.3 
150 90 0 .1418 -63.32 180 0 .1667 -128.0 
155 90 0 .1413 -75.93 180 0 .1792 -129.0 
160 90 0 .1482 -91.35 180 0 .1960 -130.5 
165 90 0 .1705 -108.6 180 0 .2214 -133.1 
170 90 0 .2245 -125.8 180 0 .2688 -137.3 
175 90 0 .3732 -141.9 180 0 .4004 -144.9 
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TABLE 4-
EXPERIMENTAL PATTERN AREAS AND SUMMATION 
eo Ae ( in2 ) Sin 8 Ae (Sin e) 
0 0.20 o.ooo o.ooo 
10 3.25 0.174 0.566 
20 9.72 0.342 3.324 
30 16.23 0.500 8.115 
4-o 21.50 0.64-3 13.825 
50 18.35 0.766 14.056 
60 11.20 0.866 9.699 
70 13.37 0 .9.4o 12.568 
80 10.04 0.985 9.889 
90 6.12 1.000 6.120 
100 7.42 0.985 7.309 
110 9.07 0.94o 8.526 
120 13.42 0.866 11.622 
130 20.24 0.766 15.504 
140 27.37 0.643 17.599 
150 25.17 0.500 12.585 
160 13.80 0.342 4.720 
170 3.55 0.174 0.618 




COMMAND DESTRUCT ANTENNA 
FIGURE 2 
BOTH COWMAND DESTRUCT ANTENNAS WITH 
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FIGURE 3 
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MISSILE ORIENTATION WITH REFERENCE TO 



















PATTERN FUNCTION PLOTS FOR A SINGLE SLOT 




MODEL SCALE:_j)L!:~) ___ _ 
CONDITIONS:------










PATIERN AREA: ____ _ 
FIGURE 8 
PATTERN FUNCTION PLOTS FOR A SINGLE SLor 





CONDITIONS: _____ _ 
FREQUENCY:~ MCS 





VOLTAGE: E ¢: 9~ 
POWER: PATIERN AREA: 
ENGINEER OPERA'fOR FILE NO. DATE 
Pattern seale: Each ma or radial increment = 0.02 units 
FIGURE 9 
PATTERN FUNCTION PLOTS FOR A SINGLE SLOT 




MODEL SCALE:..J)L!:_._) ___ _ 
CONDITIONS: _____ _ 
CURVES PLOTTED IN: 
VOLTAGE:---.e:..._ ___ _ 
POWER: 
FREQUENCY: 4 45 MCS 
SCALE FREQUENCY: I: I MCS 
POLARIZATION: 
E -9-:----""----------







PATTERN FUNCTION PLDrS FOR A SINGLE SLOT 




MODEL SCALE:....a.;l ;'-'j ___ _ 
CONDITIONS: _____ _ 





FREQUENCY: 4 4 5 MCS 
SCALE FREQUENCY: I : I MCS 
POLARIZATION: 







= o 02 units 
FIGURE 11 
PATTERN FUNCTION PLOTS FOR A SINGLE SLOT 
CENTERED AT ~ = 90° FOR 9 = 50° 
89 
ANTENNA TYPE USE 
TEST MODEL: FREQUENCY:~5_ MCS D 
MODEL SCALE: 1:1 SCALE FREQUENCY: J: I MCS 
D CONDITIONS: POLARIZATION: 
CURVES PLOTTED IN: E -6-: 
VOLTAGE:~ E¢: e=~ 
POWER: PATTERN AREA: 
ENGINEER FILE NO. DATE 
Pattern r radial increment = 0.02 units 
FIGURE 12 
PATTERN FUNCTION PLOTS FOR A SINGLE SLOT 




MODEL SCALE:..._I.!..I: 1:..__ _ _ 
CONDITIONS: 






SCALE FREQUENCY: I : I MCS 
POLARIZATION: 
FIGURE 13 
PATTERN FUNCTION PL~S FOR A SINGLE SLOT 







MODEL SCALE:_.!_._.: lc__ __ _ 
CONDITIONS: _____ _ 





FREQUENCY:• 445 MCS 






PATTERN FUNCTION PLOTS FOR A SINGLE SL~ 




MODEL SCALE: ..... I..w: !...____ _ _ 
CONDITIONS:---~-­




Pattern scale: Each 
FREQUENCY: 4 4 5 MCS 






or radial increment = 
FIGURE 15 
PATTERN FUNCTION PLOT FOR A SINGLE SLOT 







MOOEL SCALE:___._.! !_._J ----
CONDITIONS: _____ _ 
CURVES PLOTIEO IN: 
VOLTAGE: --LX.__ ____ _ 
POWER: 
ENGINEER OPERATOR 
Pa tern scale: Each 
FREQUENCY: 445 MCS 







PATTERN SUMMATION PLOTS FOR TWO DIAMETRICALLY OPPOSED SLOTS 





MODEL SCALE:...Jiu.:.J...I ___ _ 
CONDITIONS:------
CURVES PLOTTED IN: 
VOLTAGE:----1"'-------
POWER: 
FREQUENCY: 4 4 5 MCS 
SCALE FREQUENCY: I: I MCS 
POLARIZATION: 
E -9-:___.c.__ ____ _ 
E¢:: ________ _ 
PATTERN AREA: 
ENGINEER OPERATOR FILE NO. 






PATTERN SUMMATION PLOT FOR TWO DIAMETRICALLY OPPOSED SLOTS 






MODEL SCALE: -l!Lo.• .._1 ----
CONDITIONS; _____ _ 




PATTERN SUMMATION PLOT FOR TWO DIAMETRICALLY OPPOSED SLGrS 




MODEL SCALE:__.(_,_,:(.___ _ _ 
CONDITIONS; _____ _ 




SCALE FREQUENCY: I: I MCS 
POLARIZATION: 
E -I};__L'':--_____ _ 
E¢:~~-----­
PATIERN AREA: 
ENGINEER OPERATOR FILE NO. 




PATTERN SUMMATION PLOTS FOR TWO DIAMETRICALLY OPPOSED SLOTS 
OPERATING SIMULTANEOUSLY FOR 9 = 10° AND ~ = 180° 
TEST MODEL:---:----,----~-
MODELSCALE:_,_,I :'-'-1-'-'-· __ _ 
CONDITIONS: _____ _ 





FREQUENCY: 44 5 MCS 
SCALE FREQUENCY: I; I MCS 
POLARIZATION: 
E~:-">-------










PATTERN SUMMATION PLOfS FOR TWO DIAMETRICALLY OPPOSED SLOTS· 
OPERATING SIMULTANEOUSLY FOR 9 = 20° AND ~ = 0° 
ANTENNA TYPE 
TEST MODEL:--.,.-,-:-----
MODEL SCALE:~I._,:_._t __ 
CONDITIONS!----'---





SCALE FREQUENCY: I: I MCS 
POLARIZATION: 
E-9-::_· ""'--------




PATTERN SUMMATION PLOT FOR TWO DIAMETRICALLY OPPOSED SLOTS 
OPERATING SIMULTANEOUSLY FOR 9 = 20° AND ~ = 60° 
ANTENNA TYPE 
TEST MODEL::------,----,-----
MODEL SCALE::...JI:....,; I..__ _ _ 
CONDITIONS: ______ _ 
CURVES PLOTTED IN: 
VOLTAGE: ....c._ ____ _ 
POWER: 
FREQUENCY:A4L MCS 
SCALE FREQUENCY: I: I MCS 
POLARIZATION: 
E -I}: _..c..__ ____ _ 








PATTERN SUMMATION PLOT FOR TWO DIAMETRICALLY OPPOSED SLOTS 




MODEL SCALE:_,!_._; .._I __ _ 
CONDITIONS: _____ _ 




SCALE FREQUENCY: I : I MCS 
POLARIZATION: 
E -9:~,--------
E ¢:_,c,..__ _____ _ 
PATTERN AREA: 




Pa ern scale: Each ma or radial- increment = 0.02 units 
FIGURE 23 
101 
PATTERN SUMMATION PLorS FOR TWO DIAMETRICALLY OPPOSED SL~S 
OPERATING SIMULTANEOUSLY FOR 9 = 20° AND ~ = 180° 
ANTENNA TYPE 
TEST MODEL:~~~---
MODEL SCALE: _)._.;_J_I ___ _ 
CONDITIONS: _____ _ 








PATTERN AREA: = 
ENGINEER OPERATOR FILE NO. DATE 





PATTERN SUMMATION PLOfS FOR TWO DIAMETRICALLY OPPOSED SLOfS 
OPERATING SIMULTANEOUSLY FOR 9 = 30° AND ~ = Q0 
103 
ANTENNA TYPE 
TEST MODEL;_._,._._ __ _ 
MODEL SCALE: ____ _ 
CONDITIONS; _____ _ 
CURVES PLOTTED ! N; 
VOLTAGE:----1'1.___ ___ _ 
POWER: 
FREQUENCY:__g_g,_s_ MCS 
SCALE FREQUENCY: I 'I MCS 
POLARIZATION: 
E-6-:-A-------






ENGINEER OPERATOR FILE NO. DATE 
Pattern scale: Each ma or radial increment = 0.02 units 
FIGURE 25 
PATTERN SUMMATION PLOT FOR TWO DIAMETRICALLY OPPOSED SLOfS 
OPERATING SIMULTANEOUSLY FOR 9 = 30° AND ~ = 60° 
0 
ANTENNA TYPE 
TEST MODEL: _____ _ 
MODEL SCALE: _,)LL: 1-l ---
CONDITIONS: _____ _ 
CURVES PLOTTED IN: 





SCALE FREQUENCY: I : I MCS 
POLARIZATION: 
E~:----"''-------







PATTERN SUMMATION PLOI' FOR TWO DIAMETRICALLY OPPOSED SLOTS 
OPERATING SIMULTANEOUSLY FOR e = 30° AND ~ = 120° 
ANTENNA 1YPE 
TEST MODEL: _____ _ 
MODEL SCALE: Ji-L; Li ----
CONDITIONS: _____ _ 




SCALE FREQUENCY: I; I MCS 
POLARIZATION: 
E -(}:---"~------
E¢:_o_ _____ _ 
PATTERN AREA: 
ENGINEER OPERATOR FILE NO. 







PATTERN SUMMATION PLOTS FOR TWO DIAMETRICALLY OPPOSED SLOTS 
OPERATING SIMULTANEOUSLY FOR e = 30° AND ~ = 180° 
ANTENNA TYPE 
TEST MODEL:---:--;-----
MODEL SCALE: _.~I,_,_; Ll ----
CONDITIONS: _____ _ 
CURVES PLOTTED IN: 
VOLTAGE: --LX_,__ ___ _ 
POWER: 
FREQUENCY:~--- MCS 




PATTERN AREA: ______ _ 
ENGINEER OPERATOR FILE NO. D TE 





PATTERN SUMMATION PLOfS FOR TWO DIAMETRICALLY OPPOSED SLOfS 





CONDITIONS: _____ _ 
FREQUENCY:___4_g_S_ MCS 




E -o-:__r_l..._ ____ _ 
E¢: _______ _ 
CURVES PLOTIED IN: 
VOLTAGE:..x_ ___ _ e=A.d 
PATIERN AREA: • 
ENGINEER OPERATOR FILE NO. DATE 
e: Each ma or radial increment = o.o units 
FIGURE 29 
PATTERN SUMMATION PLOT FOR TWO DIAMETRICALLY OPPOSED SLOTS 
OPERATING SIMULTANEOUSLY FOR e = 40° AND ~ = 60° 
0 
TEST MODEL: FREQUENCY:_g_g.s__ MCS 





CURVES PLOTTED IN: E -&:-L>"--------
VOLTAGE: . .J< E ¢: _______ _ 8= 40..': 
POWER:_ ---- PATTERN AREA:.----- 0 
ENGINEER OPERATOR FILE NO. DATE 




PATTERN SUMMATION PLai' FOR TWO DIAMETRICALLY OPPOSED SLOI'S 





CONDITIONS; _____ _ 
.CURVES PLOTTED IN: 
VOLTAGE;_2L__ _ _ 
. POWER:_ 
FREQUENCY;.4A,S_ MCS 









ENGINEER OPERATOR . FILE NO, DATE 




PATTERN SUMMATION PLQrS FOR TWO DIAMETRICALLY OPPOSED SL~S 





MODEL SCALE:-lu:_._J ___ _ 
CONDiliONS:_~---­















PATTERN SUMMATION PLOTS FOR TWO DIAMETRICALLY OPPOSED SLOTS 
OPERATING SIMULTANEOUSLY FOR 9 = 50° AND ~ = 0° 
ANT-ENNA TYPE 
TEST MODEL: _____ _ 
MODEL SCALE:...lJ...L._ _ _ 
CONDITIONS: 
CURVES PLOTIED IN: 
VOLTAGE:_}(, ____ _ 
POWER: 
ENGINEER 
FREQUENCY: 4 4 5 MCS 







PATTERN SUMMATION PLar FOR T'WO DIAMETRICALLY OPPOSED SLOI'S 
OPERATING SIMULTANEOUSLY FOR e = 50° AND ~ = 60° 
TEST MODEL: FREQUENCY:~ MCS 
MODEL SCALE: I; I SCA.LE FREQUENCY: I ~ I MCS 
CONDITIONS: POLARIZATION: 
CURVES PLOTTED IN: E -9:-L~------
VOLTAGE: E ¢: 
POWER: PATTERN AREA: 
ENGINEER OPERATOR FILE NO •. 





PATTERN SUMMATION PLar FOR TWO DIAMETRICALLY OPPOSED SLOfS 




CONDITIONS; _____ _ 





FREQUENCY: AA,5._. MCS 











PATTERN SUMMATION PLOTS FOR TWO DIAMETRICALLY OPPOSED SLQrS 




MODEL SCALE: --'-"I ;'--'-1 ___ _ 
CONDITIONS: _____ _ 
CURVES PLOTTED IN: 
FREQUENCY:~- MCS 











ENGINEER OPERATOR FILE NO. DA E 
Pattern scale: Each major radial increment = 0.02 units 
FIGURE 36 
PATTERN SUMMATION PLOI'S FOR TWO DIAMETRICALLY OPPOSED SLOTS 




MODEL SCALE:---L!J :cJ..! ___ _ 
CONDITIONS: _____ _ 




SCALE FREQUENCY: I; I MCS 
POLARIZATION: 
E -9-:~.__ _____ _ 







PATTERN SUMMATION PLQr FOR TWO DIAMETRICALLY OPPOSED SLGrS 





MODEL SCALE:_\._,:'-'-J ___ _ 
CONDITIONS: _____ _ 
CURVES PLOTTED IN: 
FREQUENCY:~ MCS 




E -6-:--LJ. ______ _ 
E ¢: _______ _ 9:..60:'_ VOLTAGE:.....£X,___ ___ _ 
POWER: PATTERN AREA: • 
ENGIN.EER OPERATOR FILE NO. DATE 
Pattern scale: Each ma or radial increment = 0.02 units 
FIGURE 38 
PATTERN SUMMATION PLar FOR TWO DIAMETRICALLY OPPOSED SLOfS 
OPERATING SIMULTANEOUSLY FOR 9 = 60° AND ~ = 120° 
• 
ANTENNA TYPE 
TEST MODEL: _____ _ 
MODEL SCALE: ..JlL..:.LI ----
CONDITIONS: _____ _ 















PATTERN SUMMATION PLOTS FOR TWO DIAMETRICALLY OPPOSED SL~S 
OPERATING SIMULTANEOUSLY FOR 6 = 60° AND p = 180° 
ANTENNA TYPE 
TEST MODEL:--:--:--------
MODEL SCALE:_t_,l :c.~_l __ _ 
CONDITIONS: ________ _ 





SCALE FREQUENCY: I: I MCS 
POLARIZATION: 
E~:•~L------------
E ¢:--lL_ __________ _ 
PATTERN AREA: 










PATTERN SUt~TION PLOTS FOR TWO DIAMETRICALLY OPPOSED SLOTS 
OPERATING SIMULTANEOUSLY FOR 9 = 70° AND ~ = 0° 
119 
ANTENNA TYPE 
TEST MODEL: _____ _ 
MODELSCALE:-'1'-'-:_._1 ----
CONDITIONS: _____ _ 






SCALE FREQUENCY: I ; I MCS 
POLARIZATION: 
E -6-:--L-"-------




e • .:ra...:. 
• 
PATTERl'J SUMN.ATION PLOf FOR TWO DIAMETRICALLY OPPOSED SLOfS 





MODEL SCALE:---'-'' :.__.1 __ _ 
CONDITIONS: _____ _ 
CURVES PLOTIED IN: 
VOLTAGE:____L!_'-------
POWER: 
FREQUENCY: 4 45 MCS 
SCALE FREQUENCY: I :I MCS 
POLARIZATION: 
E -6-:--"''---------
E¢: _______ _ 
PATIERN AREA: 
ENGINEER OPERATOR FILE NO. ATE 
Pattern tc~e: Each ma or radial increment = 0.02 units 
FIGURE 42 
0 
PATTERN SUMMATION PLar FOR TWO DIAMETRICALLY OPPOSED SLOTS 




MODEL SCALE:_,)._,_:_._J ___ _ 
CONDITIONS; _____ _ 




. FREQUENCY:~ MCS 












PATTERN SUMMATION PLOTS FOR TWO DIAMETRICALLY OPPOSED SLOTS 








PATTERN SUMMATION t>t.Ors FOR TWO DIAMETRICALLY OPPOSED SLOTS 
0 OPERATING SIMl.Jt:t ANEOUSLY FOR 9 = 80o AND ~ = 0 
123 
ANTENNA TYPE USE 
TEST MODEL: FREQUENCY:~ MCS D 
MODEL SCALE: 1:1 SCALE FREQUENCY: 1:1 MCS 
CONDITIONS: POLARIZATION: ·o 
CURVES PLOTTED IN: E -9: 
VOLTAGE: X qil: 9=81L 




PATTERN SUMMATION PLOT FOR TWO DIAMETRICALLY OPPOSED SLOTS 
OPERATING SIMULTANEOUSLY FOR e = 80° AND ~ = 60° 
124 
TEST MODEL: C. 0. FREQUENCY:~MCS 
MODEL SCALE: SCALE FREQUENCY: I; I MCS 
CONDITIONS: ) : I POLARIZATION: 
CURVES PLOTTED IN: E -9:___.c~------
VOLTAGE: X E ¢: _______ _ 
POWER: PATTERN AREA: 
ENGINEER OPERATOR FILE NO. ATE 




PATTERN SUMMATION PLOT FOR TWO DIAMETRICALLY OPPOSED SL~S 






MODEL SCALE:_I._._:_._I ___ _ 
FREQUENCY: __A_g,.,5_ MCS 
SCALE FREQUENCY: I: I MCS 
CON_DITIONS: _____ _ POLARIZATION: 
CURVES PLOTTED IN: 
VOLTAGE:.-L)(._,.__ ___ _ 
E~:~~---~--
E 91:----e.__ _____ _ 
POWER: PATTERN AREA: 
ENGINEER OPERATOR FILE NO. 
Pattern scale: Each ma or radial incre ent = 
FIGURE 47 
PATTERN SUMMATION PLOTS FOR TWO DIAMETRICALLY OPPOSED SLOTS 





MODEL SCALE:-'1--'-': It__ __ _ 
CONDITIONS; _____ _ 
CURVES PLOTTED IN: 
VOLTAGE:___r-_,__ ___ _ 
POWER: 
FREQUENCY:__4,_4_5_ MCS 











PATTERN SUMtvlATION PLOT FOR TWO DIAMETRICALLY OPPOSED SLOTS 
OPERATING SIMULTANEOUSLY FOR 9 = 90° AND ~ = 0° 
• 
ANTENNA TYPE 
TEST MODEL:_C...,._~D"-. __ _ 
MODEL SCALE:~! :..._1 ___ _ 
CONDITIONS: _____ _ 
CURVES PLOTTED IN: 
VOlTAGE:____.,..__ ___ _ 
POWER: 
FREQUENCY:~ MCS 





ENGINEER OPERATOR FILE NO. 







PATTERN SUMMATION PLOT FOR TWO DIAMETRICALLY OPPOSED SLOTS 
OPERATING SIMULTANEOUSLY FOR 8 = 90° AND ~ = 60° 
ANTENNA TYPE 
TEST MDDEL:-----;;------o-----
MODEL SCALE: _f._,;LJic__ _ _ 
CONDITIONS: _____ _ 
CURVES PLOTIED IN: 
VOLTAGE:--'-"---------
POWER: 
FREQUENCY: 4 4 5 MCS 
SCALE FREQUENCY: I: I MCS 
POLARIZATIO~: 
E~:-A~-------E¢: ________ _ 
PATIERN AREA: 
ENGINEER OPERATOR FILE NO, 







PATTERN SUMMATION PLOT FOR TWO DIAMETRICALLY OPPOSED SLOTS 
OPERATING SIMULTANEOUSLY FOR 9 = 90° AND ~ = 120° 
L 
ANTENNA TYPE 
TEST MODEL: ______ _ 
MODEL SCALE:.J...of ;c..LJ ____ _ 
CONDITIONS; _______ _ 






SCALE FREQUENCY:--L.!..I__: MCS 
POLARIZATION: 
E~:~-----------







PATTERN SUMMATION PL~ FOR TWO DIAMETRICALLY OPPOSED SLGrS 




.MODELSCALE:_..I~: .._I ___ _ 
CONDITIONS: __ _ 








E¢: _______ _ 
PATTERN AREA: 
FILE NO. DA E 
or radial increment = 0.02 units 
FIGURE 52 
PATTERN SUMMATION PLOT FOR TWO DIAMETRICALLY OPPOSED SLGrS 





MODEL SCALE: .Lt.._,: II-----
CONDITIONS: _____ _ 





FREQUENCY: AA5- MCS 







ct> .. La.Q_ 
= 0 
FILE NO. DATE 
radial increment = 0.02 units 
FIGURE 53 
PATTERN SUMMATION PLOT FOR TWO DIAMETRICALLY OPPOSED SL~S 
























EXPERIMENTAL PATTERN MEASUREMENT TECHNIQUE 
132 
ANTENNA TYPE LOCATION USE 
TEST MODEL: E 'X p FREQUENCY:~ MCS D 
MODEL SCALE: 1:1 SCALE FREQUENCY: 1:1 MCS 
D CONDITIONS: POLARIZATION: 
CURVES PLOTTED IN: E -6-: 
a~ VOLTAGE: E ¢: 
0.201N2 POWER: PATTERN AREA: 
ENGINEER OPERATOR FILE NO. DATE 
FIGURE 55 
EXPERIMENTAL PATTERN FOR TWO DIAMETRICALLY OPPOSED SLOTS 
OPERATING SIMULTANEOUSLY INPHASE FOR 0 = 0° 
133 
ANTENNA TYPE USE 
FREQUENCY:....445_ MCS D 
SCALE FREQUENCY: 1: I MCS 
POLARIZATION: D 
CURVES PLOTTED IN: E -9: 
VOLTAGE: E¢: e_;;_l_Q 
POWER: PATTERN AREA: 2 
ENGINEER OPERATOR DATE 
FIGURE 56 
EXPERIMENTAL PATTERN FOR TWO DIAMETRICALLY OPPOSED SLOTS 




MODEL SCALE: __j\._.:_._1 ___ _ 
CONDITIONS; _____ _ 








PATTERN AREA: 9. 72 IN 2 






EXPERIMENTAL PATTERN FOR TWO DIAMETRICALLY OPPOSED SLOTS 
OPERATING SIMULTANEOUSLY INPHASE FOR 9 = 20° 
135 
ANTENNA TYPE lOCATION USE 
TEST MODEl: EX~. FREQUENCY: 445 MCS D 
MODEL SCALE: l;l SCALE FREQUENCY: I: I MCS 
D CONDITIONS: POlARIZATION: 
CURVES PLOTTED IN: E -9: X. 
VOLTAGE: E ¢: e=~ 
POWER: PATTERN AREA: 16 23lN1 
ENGINEER OPERATOR FILE NO. DATE 
FIGURE 58 
EXPERIMENTAL PATTERN FOR TWO DIAMETRICALLY OPPOSED SLOTS 






















EXPERIMENTAL PATTERN FOR TWO DIAMETRICALLY OPPOSED SLOTS 
OPERATING SIMULTANEOUSLY INPHASE FOR 9 = 40° 
137 
ANTENNA TYPE LOCATION USE 
TEST MODEL: C D FREQUENCY:_4_4.5.._ MCS D 
MODEL SCALE: E X p SCALE FREQUENCY: 1:1 MCS 
CONDITIONS: 1:1 POLARIZATION: D 
CURVES PLOTTED IN: E -6-: 
VOLTAGE: E¢: 9=5-Q.': 
POWER: PATTERN AREA: 18 351N2 
ENGINEER OPERATOR FILE NO. DATE 
FIGURE 60 
EXPERIMENTAL PATTERN FOR T'WO DIAMETRICALLY OPPOSED SLOTS 
OPERATING SIMULTANEOUSLY INPHASE FOR 9 = 50° 
138 
ANTENNA TYPE LOCATION USE 
TEST MOOEL:..EJtE..._ FREQUENCY:~ MCS D 
MODEL SCALE: I: I SCALE FREQUENCY: 1:) MCS 
D CONDITIONS: POLARIZATION: 
CURVES PLOTTED IN: E -11-: 
VOLTAGE: Ecp: e=~ 
POWER: PATTERN AREA: ..11.2.Q__uy_!__ 
ENGINEER OPERATOR FILE NO. DATE 
FIGURE 61 
EXPERIMENTAL PATTERN FOR TWO DIAMETRICALLY OPPOSED SLOTS 




TEST MODEL:_.E;_,.)<A-!'p:.._ _ _ 
MODEL SCALE: -lJ~; L) ----
CONDITIONS; _____ _ 
CURVES PLOTTED IN: 
VOLTAGE;_.,._ ____ _ 
POWER: 
ENGINEER OPERATOR 
FREQUENCY: 4 4,5 MCS 










EXPERIMENTAL PATTERN FOR TWO DIAMETRICALLY OPPOSED SLOTS 
OPERATING SIMULTANEOUSLY INPHASE FOR 9 = 70° 
140 
ANTENNA TYPE LOCATION. USE 
TEST MODEL: E X p FREQUENCY:~ MCS D 
MODEL SCALE: I: I SCALE FREQUENCY: I!J MCS 
D CONDITIONS: POLARIZATION: 
CURVES PLOTTED IN: E -6: 
VOLTAGE: E ¢: e ,._aa_:_ 
POWER: PATTERN AREA: IQ Q~ lll.ll 
ENGINEER OPERATOR FILE NO. DATE 
FIGURE 63 
EXPERIMENTAL PATTERN FOR TWO DIAMETRICALLY OPPOSED SLOTS 
OPERATING SIMULTANEOUSLY INPHASE FOR 9 = 80° 
141 
FREQUENCV:A..4..5_ MCS 
SCALE FREQUENCY: I; I MCS 
CONDITIONS: _____ _ POLARIZATION: 
CURVES PLOTTED IN: E -6-:-J'>. ______ _ 
E ¢'----~~-~ 
PATTERN AREA: f, 12 IN 2 
VOLTAGE;_x ____ _ 
POWER: 






EXPERIMENTAL PATTERN FOR TWO DIAMETRICALLY OPPOSED SLOTS 




MODEL SCALE:_jfu:-LI ___ _ 
CONDITIONS:------





SCALE FREQUENCY: } : I MCS 
PcDLARIZATION: 
E -9-:_n,._ _____ _ 
E ¢ '------=----::--=---.;c-




EXPERIMENTAL PATTERN FOR TWO DIAMETRICALLY OPPOSED SLafS 
OPERATING SIMULTANEOUSLY INPHASE FOR 9 = 100° 
143 
ANTENNA TYPE 
TEST MODEL:_E_'X..,.-r:P:...... __ _ 
MODEL SCALE:Jf~: LJ ----
CONDITIONS:.:...·-----
CURVES PLOTTED IN: 















EXPERIMENTAL PATTERN FOR TWO DIAMETRICALLY OPPOSED SLOTS 
OPERATING SIMULTANEOUSLY INPHASE FOR 9 = 110° 
144 
4 
ANTENNA TYPE LOCATION USE 
TEST MODEL: EXP. FREQUENCY:~ MCS D 
MODEL SCALE: I: I SCALE FREQUENCY: ):1 MCS 
D CONDITIONS: POLARIZATION: 
CURVES PLOTTED IN: E-IJ-:_ 
VOLTAGE:___.X E ¢: 9=1.2.Q 
POWER: PATTERN AREA: ___13~~ 
ENGINEER OPERATOR FILE NO. DATE 
FIGURE 67 
EXPERIMENTAL PATTERN FOR TWO DIAMETRICALLY OPPOSED SLOTS 




TEST MODEL:...JE~;J>X.J:P::._ ____ _ 
MODEL SCALE:_.I_,_: Ll ----
CONDITIONS:--.,.-------
CURVES PLOTTED IN: 




SCALE FREQUENCY: I: I MCS 
POLARIZATION: 
E~:~--------------
E~: ______ ~~~--~ 




EXPERIMENTAL PATTERN FOR TWO DIAMETRICALLY OPPOSED SLOTS 
OPERATING SIMULTANEOUSLY INPHASE FOR 9 = 130° 
146 
TESTMODEL:_.E~X~P:._.___ FREQUENCY:·44'5 MCS 
MODEL SCALE: I: I SCALE FREQUENCY: I! I MCS 
CONDITIONS: POLARIZATION: 
CURVES PLOTTED IN: E ~:-"'--------
VOLTAGE: E rp: ___ -=::::-:::='-----..-
POWER: PATTERN AREA: 27.37 U.Ja 
ENGINEER OPERATOR FILE NO, DATE 
FIGURE 69 
EXPERIMENTAL PATTERN FOR TWO DIAMETRICALLY OPPOSED SLOTS 
OPERATING SIMULTANEOUSLY INPHASE FOR 9 = 140° 
147 
ANTENNA TYPE LOCATION USE 
TEST MODEL: E )(p FREQUENCY:~ MCS D 
MODEL SCALE:. I: I SCALE FREQUENCY: I: I MCS 
D CONDITIONS: POLARIZATION: 
CURVES PLOTTED IN: E -6-: 
e .. ~ VOLTAGE: E¢: 
POWER: PATTERN AREA: 25.17 lt.la 
ENGINEER OPERATOR FILE NO. DATE 
FIGURE 70 
EXPERIMENTAL PATTERN FOR TWO DIAMETRICALLY OPPOSED SLOTS 
OPERATING SIMULTANEOUSLY INPHASE FOR 9 = 150° 
148 
ANTENNA TYPE LOCATION USE 
TEST MODEL: EX P. FREQUENCY: 4 45 MCS D 
MODEL SCALE: I= I SCALE FREQUENCY: I; I MCS 
CONDITIONS: POLARIZATION: o. 
CURVES PLOTTED IN: E~; 
VOLTAGE: E ¢: 9::.1~ 
POWER: PATTERN AREA: 13,8Q u,,a2. 
ENGINEER OPERATOR FILE NO. DATE 
FIGURE 71 
EXPERIMENTAL PATTERN FOR TWO DIAMETRICALLY OPPOSED SLOTS 
OPERATING SIMULTANEOUSLY INPHASE FOR 9 = 160° 
149 
ANTENNA TYPE LOCATION USE 
TEST MODEL: EXP FREQUENCY! 445 MCS D 
MODEL SCALE: I: I SCALE FREQUENCY: ., : J MCS 
D CONDITIONS: POLARIZATION: 
,CURVES PLOTTED IN: E~: 
VOLTAGE: Erj>: e=n.a: 
POWER: PATTERN AREA: ;5 ,5!) !NI. 
ENGINEER OPERATOR FILE NO. DATE 
FIGURE 72 
EXPERIMENTAL PATTERN FOR TWO DIAMETRICALLY OPPOSED SLOTS 










FREQUENCY: 4 4 5 MCS 
SCALE FREQUENCY: 1: I . MCS 
POLARIZATION: 
E~:~--------




EXPERIMENTAL PATTERN FOR TWO DIAMETRICALLY OPPOSED SLOTS 
OPERATING SIMULTANEOUSLY INPHASE FOR 9 = 180° 
151 
ANTENNA TYPE LOCATION USE 
T£ST MODEL: EX p FREQUENCY:~ MCS D 
M-ODEL SCALE:. ); I SCALE FREQUENCY: I :1 MCS 
D CONDITIONS: POLARIZATION: 
CURVES PLOTTED IN: E -6-: 
'=.2.CL VOLTAGE: X E ¢: POWER: PATTERN AREA: 
ENGINEER OPERATOR FILE NO. DATE 
FIGURE 74 
EXPERIMENTAL PATTERN FOR TWO DIAMETRICALLY OPPOSED SLGrS 
OPERATING SIMULTANEOUSLY INPHASE FOR ~ = 90° 
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ANTENNA TYPE LOCATION, USE 
TEST MODEL: EX p FREQUENCY: 4 4 5 MCS D 
MODEL SCALE: l ; I SCALE FREQUENCY: I: I MCS 
D CONDITIONS: PO~R.IZATION: 
CURVES PLOTTED IN: E-6-: 
VOLTAGE: E¢: ~=lao...: 
POWER: PATTERN AREA: 
ENGINEER OPERATOR FILE NO. DATE 
FIGURE 75 
EXPERIMENTAL PATTERN FOR TWO DIAMETRICALLY OPPOSED SLOTS 
OPERATING SIMULTANEOUSLY INPHASE FOR rp = 180° 
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OPERATOR 
FREQUENCY: 44 5 MCS 
SCALE FREQUENCY: I~ I MCS 
POLARIZATION: 
E-9-:--A-------









INTERFERENCE TEST PATTERN FOR TWO DIAMETRICALLY OPPOSED SLOTS 
OPERATING SIMULTANEOUSLY INPHASE FOR 9 = 90° 
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ANTENNA TYPE LOCATION USE 
TEST MODEL: EX p FREQUENCY:~ MCS D 
MODEL SCALE: I; I SCALE FREQUENCY: 1: I MCS 
D CONDITIONS: POLARIZATION: 
CURVES PLOTTED IN: E~: 
VOLTAGE:· E¢: e-~ 
POWER: PATTERN AREA: 
ENGINEER OPERATOR FILE NO. DATE 
FIGURE 77 
INTERFERENCE TEST PATTERN FOR TWO DIAMETRICALLY OPPOSED SLOTS 
OPERATING SIMULTANEOUSLY INPHASE FOR 9 = 90° 
l 
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ANTENNA TYPE LOCATION USE 
TEST MODEL: E·XP, FREQUENCY: 44 5 MCS D 
MODEL SCALE: I :I SCALE FREQUENCY: 1: I MCS 
D CONDITIONS: POLARIZATION: 
CURVES PLOTTED IN: E-6-: 
VOLTAGE: E¢: 9= g_a__:_ 
POWER: PATTERN AREA: 
ENGINEER OPERATOR FILE·NO. DATE 
FIGURE 78 
INTERFERENCE TEST PATTERN FOR TWO DIAMETRICALLY OPPOSED SLOTS 
OPERATING SIMULTANEOUSLY INPHASE FOR 9 = 90° 
ANTENNA TYPE 
TEST MODEL:_.E_X"-'::LP"c'·~-­
MODEL SCALE:__,\~·~_..1 _· ~-~ 
CONDITIONS:.,-------
CURVES PLOTTED IN: 




with Beacon and 
Telemetry Radiation 
FREQUENCY:~ MCS 









INTERFERENCE TEST PATTERN FOR TWO DIAMETRICALLY OPPOSED SLOTS 
OPERATING SIMULTANEOUSLY INPHASE FOR e = 90° 
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Command Destruct only 
ANTENNA TYPE 
TEST MODEL:_.E-::Xo..r.P:.... __ _ 
MODEL SCALE:~-~u~_._! ----
FREQUENCY:_44..5_ MCS 
SCALE FREQUENCY: I; I MCS 
CONDITIONS: _____ _ POLARIZATION: 
CURVES PLOTIED IN: E4:-A~------
VOLTAGE:_... _____ _ E ¢: _______ _ 
POWER: PATIERN AREA: ' 
ENGINEER OPERATOR FILE NO. DATE 
FIGURE 80 
INTERFERENCE TEST PATTERN FOR TWO DIAMETRICALLY OPPOSED SLOTS 
OPERATING SIMULTANEOUSLY INPHASE FOR 9 = 135° 
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INT FIGURE 81 
ERFERENCE TEST p 
OPEftA . A"tl'ERN FOR TWO DIAMETRICALLY OPPOOED SLOfS 
TING SlMl hTANEOUSLY o ~~ INPHASE FOR e = 135 
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ANTENNA TYPE LOCATION USE . 
TEST MODEL: E'X.p. . FREQUENCY: 445 MCS D 
MODEL SCALE: ) ! I SCALE FREQUENCY: I! I MCS 
D CONDITIONS: POLARIZATION: 
CURVES PLOTIED IN: E -6-: 
VOLTAGE: E¢: 9=1~ 
POWER: PATTERN. AREA: 
ENGINEER OPERATOR FILE NO. DATE 
FIGURE 82 
INTERFERENCE TEST PATTERN FOR TWO DIAMETRICALLY OPPOSED SLOfS 
OPERATING SIMULTANEOUSLY INPHASE FOR e = 13!:>0 
ANTENNA TYPE 
TEST MODEL:_.E....,X"'-'=P:..... __ _ 
MODEL SCALE:_.!_._,: !,____ _ _ 
CONDITIONS: _____ _ 
CURVES PLOTIED IN: 
















INTERFERENCE TEST PATTERN FOR TWO DIAMETRICALLY OPPOSED SLOTS 
OPERATING SIMULTANEOUSLY INPHASE FOR 9 = 135° 
-
ANTENNA TYPE 
. TEST MODEL:...JOe"--'X"'-"'P:..._ _ _ 
MODEL SCALE:...LI ,_,: ' '-----
CONDITIONS: _____ _ 




Command Destruct onlT 
FREQUENCY:~ MCS 
SCALE FREQUENCY: I; I MCS 
POLARIZATION: 









INTERFERENCE TEST PATTERN FOR TWO DIAMETRICALLY OPPOSED SL~S 
OPERATING SIMULTANEOUSLY INPHASE FOR 9 = 165° 
---------------------------~~~=========~..,....,. 
ANTENNA TYPE 
TEST MODEL:-'E":-X.,...,p:.._, __ _ 
MODEL SCALE:..J.I.u: I___ _ 
CONDITIONS: _____ _ 
CURVES PLOTTED IN: 
VOLTAGE:_n. _____ _ 
POWER: 
ENGINEER OPERATOR 
Command Destrue.t vi tb 
Beacon Radiation 
FREQUENCY:~ MCS 
SCALE FREQUENCY: \:I MCS 
POLARIZATION: 
E-6-:---<3-------'-----
E ¢: _______ _ 
PATTERN AREA: 
FILE NO, DATE 
FIGURE 85 
163 
INTERFERENCE TEST PATTERN FOR TWO DIAMETRICALLY OPPOSED SLDrS 




CONDITIONS: _____ _ 
CURVES PLOTTED IN: 
VOLTAGE: _ _.,X.__ __ _ 
POWER: 
Command Destruct with 
Telemetr,y Radiation 
FREQUENCY: 4 4 5 MCS 
SCALE FREQUENCY: I: I MCS 
POLARIZATION: 





ENGINEER OPERATOR FILE NO. DATE 
FIGURE 86 
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INTERFERENCE TEST PATTERN FOR TWO DIAMETRICALLY OPPOSED SL~S 
OPERATING SIMULTANEOUSLY INPHASE FOR 9 c 165° 
ANTENNA TYPE 
TEST MODEL: .... E~X<.>..ep.._, ---
MODEL SCALE: --'-'1 :_._1 ___ _ 
CONDITIONS: _____ _ 




FREQUENCY: 44 ~ MCS 
SCALE FREQUENCY: I: I MCS 
POLARIZATION: 
E-9-: _ _.,_ _____ _ 










INTERFERENCE TEST PATTERN FOR TWO DIAMETRICALLY OPPOSED SLGrS 





dA = R Sl"-19d~ · Rd 9 0d9 
FIGURE 88 
SPHERICAL GEOMETRY OF CONICAL PATTERN SYSTEM 


















PLOT OF VOLTAGE STANDING-WAVE RATIO VS OPERATING FREQUENCY 
FOR A SINGLE SLOT CONNECTED TO A 50-0HM SOURCE 
l 
APPENDIX A 
MAXWELL'S FIELD EQUATIONS AND SOME FUNDAMENTAL 
DERIVATIONS RELATIVE TO THE PROBLEM 
Starting with Maxwell's field equations23 
where 
'iJ X E = -H 
'iJ 
-+ 
X H = 'j + ~ c at 
'iJ . a = 0 
'iJ . o = p 
E = the electric field vector 
H = the magnetic field vector 
B = ~H = the magnetic flux density vector 
D = &E = the electric flux density vector 
J = aE = the conduction or convection current c 
density vector 
p = the volume charge density of the medium 
~ = the permeability of the medium 
E = the permititivity of the medium 





Then taking the curl of both sides of equation (la) gives 
-.t as a'H V X V X ~ = -V X at = -~(V X at) = ,a(v x H) • -,... at ' ( 3) 
23A. B. Bronwell and R. E. Beam, Theory and Application of 
Microwaves, McGraw-Hill Book Co., New York, N.Y., 1947, 
pp. 255-256. 
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and by making use of the vector analysis identity 
'i/ X 'i/ X A = -V2A + 'V(V • A} ' 
equation (3) can be r~duced to 
-+ 
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v2E _ v(v . E) = ~a(~tx H) • (4} 
Then from equation (2b), V • E = ~ = 0 since p = 0 for an 
unchanged medium, and from equation (2) and the relations 
between Jc' D and E, give 
'V X H = 1 c + ~ = O'E + E* 
so that equation (4) becomes 
2
...,.. a ( O'E + eg.l) 
v E = ~ at 
(5) 
Equation (5) is known as the wave equation for the electric 
field. By a similar procedure the wave equation for the 
magnetic field is 
v2fi ~ ~O'~t + f-lEa2H 
aT. cH2 
{6) 
The problem under consideration assumes the customary 
steady-state harmonic time variation of the free space elec-
tromagnetic fields. Therefore, the electric field vector 
v 
E(t) can be represented by a rotating phasor24 E(t) where it 
v 
is understood that the real part of E is used to obtain the 
v 
actual instantaneous time function, i.e. E(t) = Re[E(t)] 
24s. J. Ley, S. G. Lutz and C. F. Rehberg, Linear Circuit 
Analysis, McGraw-Hill, New York, N.Y., 1959, pp. l34-l37. 
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v v 
-+ -:t: • (I) t 
where E(t) = ceJ • The symbols ~ designate a phasor vector 
independent of time and co = the angular frequency of the har-
monic time variation. By making use of the phasor principle, 
differentiation and integration are greatly simplified, thus 
from equation (5) 
v . aiejcot a2~ejcot 
v2teJrot = J..LC1 at + J..L£ 2 
at 
giving 
v v j v . 
v2Eejrot = jroJ.I.O'Ee rot - ro2.ueEeJrot • 
·rot Then canceling out the factor eJ gives 
v v 
v2E' + [ro2J..L& - j~cr]E = 0 
v v 
or 'V 2E' + k 2E = 0 (7) 
where the parameter k is known as the intrinsic propagation 
constant. 
Since the far field conditions assume a homogeneous 
free-space medium, free of charge and with the intrinsic 
impedance of free space, then 0' = 0, .u = .u
0 
and E = 
2 2 ~ 2~ therefore k = ro .u E or k = ro111J-L e: = "'" 
0 0 0 0 ~ 
E • o' 
(8) 
where A. = the free space wavelength which equals the free 
space phase velocity divided by the frequency or 
A. = I = -f-.,l~~=e:= =(J) --,~,-=t;..TT=e: = • 
0 0 0 0 
For the specified operating frequency 
300 300 
"- = fmc = 445 
= 0.674157 meters 
= 26.5416 inches 
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The factor ka is a fundamental parameter in the final 
theoretical expressions for representing the far field 
radiation from a circumferential slot in a circular cylinder, 
where a = the cylinder radiuse For the case under considera-
tion ka has the value 
ka 2n"~6.5000l inches = 26.5416 inches 
or ka = 1. 53874 0 (9) 
APPENDIX B 
CALCULATION OF THE ANTENNA SLOT 
CIRCUMFERENTIAL ARC LENGTH 
Since the missile radius at the command destruct antenna 
location is 6.500 inches and the slot opening cord length is 
5.500 inches, the arc length is equal to the radius times the 
included angle, where the angle a is expressed in radians. 
Therefore 
5.500 2 arc sin 2(6 •500 ) 
= 2 arc sin 0.423077 
= 2 X 25.0290 57.29580 
= 2(.436838) 
= 0.873676 radians 
thus the arc length is 0.873676(6.500) = 5.67889 inches 
which is equivalent to 0.21396~, (rounded off to 0.2140A) 




SOLUTION OF THE WAVE EQUATION IN CYLINDRICAL 
COORDINATES FOR A STEADY-STATE HARMONIC 
TIME VARIATION IN FREE SPACE 
Starting with equation (5) of Appendix A, which after 
applying the phasor principle to simplify the differentia-
tion process, reduces the wave equation for the phasor 
vector electric field to 
~ 2Y. 
V2E + k E = 0 (l) 
where 
In rectangular coordinates the general solution of the 
wave equation is the same for either scalar or vector func-
tions. However, in cylindrical coordinates it is consider-
ably more difficult to derive the general solution for a 
vector function than for a scalar function. Consequently 
the solution for a scalar function will be obtained and then 
related to the vector function to be considered. 
By using the principle of separation of variables, the 
partial differential wave equation can be separated into 
ordinary differential equations with the number of equations 
required equal to the number of independent variables. Then 
each ordinary second-order differential equation has two 
independent solutions, each containing an arbitrary constant. 
The general solution of the ordinary differential equations 
may be represented by the sum of the two independent solu-
173 
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tions. Then the general solution of the partial differential 
equation is the product of the general solutions of the ordi-
nary differential equations. Therefore if equation (1) is 
v 
expressed in terms of the scalar phasor function F, thus 
( 2) 
or. in terms of cylindrical coordinates, equation (2) becomes 
v 2v 2v v 
P
l ::..ap ( p ~PF ) + ...L a F + £...£. + k 2F = O 
u u P2 aq>2 az2 
Using the method of separation of variables, let 
v v v v 
F = F
1
(p) F2 (~) F3 (z) • 
v 










equal to a constant, thus ---- = a F 
dz2 z 3 
{6) 
which has a general solution of the form 
(7) 
where c1 and c2 are arbitrary constants. Inserting a
2z for 





Observing that the third term is a function of~ only it can 
likewise be set equal to a constant, thus 
v 
d2F v 
--..2. = -v 2F 
d~2 2 








Inserting -v 2 in equation (9) and multiplying by F1 gives 
2v v 
2 d Fl dfl (a2 + k2)p2 - 2v 
p dp2 + p dp + z v Fl = 0 
This is a form of Bessel's equation. It may be put in 
standard form by dividing through by p 2 plus letting 
p2 = a 2 + k2 and x = Pp, thus, equation (12) becomes z 
2v v 
d F1 l dF1 (P2 _ v2] v 
dp2 + p ~ + p2 Fl = 0 




p2 dd:i + ~ d;1 + [1 - 5) p2~1 = 0 (14) 
or 2v v d F1 1 dfl -+--+ 
dx2 x dx (15) 
Equation (15) is the standard form of Bessel's differential 
t . 25 equa J.on • Each value of the parameter v is associated 
25R. I. Sarbacher and W. A. Edson, Hyper and Ultrahigh 
Freguency Engineering, John Wiley & Sons, New York, N. Y., 
1943, p. 236. 
1111111 
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with a pair of fundamental solutions called Bessel functions 
of the order v. One of these solutions is called a Bessel 
function of the first kind which is finite at x = 0. The 
other fundamental solution is called a Bessel function of 
the second kind which is infinite at x = 0. This type is 
also frequently called the Newman function. Linear combina-
tions of these solutions are called Bessel functions of the 
third kind, or Hankel functions 26 • The two kinds of Hankel 
functions are 
H\;)(x) = Jv(x) + jYv(x) 
H~2 )(x) = Jv(x) - jYv(x) 
{16) 
(17) 
Equation (16) is called the Hankel function of the first kind 
of order v, and represents a cylindrical wave traveling from 
infinity towards the origin, whereas, equation (17) is called 
the second kind of order v, and represents a cylindrical wave 
traveling in the opposite direction. For a physical field 
which is a periodic multiple of 2rr in its ~ dependence, then 
v = n is an integer and the Bessel functions have integral 
order. In synthesising the electric field surrounding a 
circular cylinder, Hankel functions are involved. 
26Ibid. 
APPENDIX D 
EVALUATION OF THE SOURCE FIELD INTEGRAL FOR THE SLOT 
DISTRIBUTION IN THE ~ DIRECTION FOR BOTH A ONE-
HALF WAVELENGTH SLOT IN FREE SPACE AND FOR 
Let 
THE DIELECTRIC LOADED SLOT HAVING A CIR-
CUMFERENTIAL ARC LENGTH OF 0.2140~ 
~0 v 




Then for a ~ arc length slot in free space with the slot 
length defined by~ = ~ - cp
0 
to cp = ; + cp
0 
with an assumed 









F (B) = 1T cos 2cp ~ = cos ka~ = {ol for ~ = ±cp for ~ = 0 ° 
0 
and ka = 2~a or k = 21T r 
cpo 
ka~ejn~dB ejn~ ( jn cos kaB + ka sin s cos = 
-cp ( ka) 2 + (jn)2 
0 
{cos n~ + j sin n~}{jn cos kaQ + ka sin ka~) 
( ka) 2 - n2 
(COS 
1T rr"- . 1T .!) n2ka + j sin n2ka) ( Jn cos 2 + ka sin 2 
( ka) 2 - n2 
[cos n(- 2~a) + j sin n(- 2~a)][jn cos(- ;) 








+ ka sin (- ~)] 
[cos 1T j sin n 2~a] ka [cos Tr j sin n2~a][-ka] n2ka + n--2ka 




2ka cos nfu 
(ka) 2 - n2 
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( 2) 
Whereas, for the dielectric loaded slot having a 
physical arc length of 0.2140A, and the same assumed cosi-
nusoidal field distribution in the q> direction, and with the 
Tr t Tr t slot length defined by q> = 2 - q> to q> = - + q> then 0 2 0 
m' = 0,2140A = 0.2140Tr 





.,. {ol for ~ = ±<p 0 





rr jn~ ...:.e_j_n~ ...... L .... in ._..c_o;.:s:--m.,B__...+_m~s;;.;:i:.:.n.;.....;o;m,.B.J..)] 0 J 
1 
COS~ ~ e d~ = - 2 2 
-q> ''t' o m + ( j n ) , 
0 -<p 0 
where Tr 




= (cos nB + j sin nS)(jn cos mB + m sin 






+ j sin nq>' 0 )(jn cos ~' 0 + rn sin ~· 0 ) 








) +m sin m(-cp'J] 
rn2 - n 2 
(cos ncp' + 
0 
j sin ncp' 
0 
)( jn cos m:p' + rn sin mq>' ) 
0 0 
m2 - n2 
(cos nq>' -
0 
j sin ncp ' 
0 
)( j n cos mq>' - rn sin mcp' ) 
0 0 
m2 - n2 
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jn cos m<p' cos nq>' + m sin mcp' cos ncp' 
0 0 0 0 
-jn cos rrxp' cos nq>' + m sin mcp' cos ncp' 
= 0 0 0 0 
2 n2 m 
-n cos rnq>' sin ncp' + jn sin mcp' sin ncp' 
0 0 0 0 
-n cos mcp' sin ncr' - jn sin rnq:>' sin nq>' 
+ 0 0 0 0 
m2 n2 
2[m sin Tr ncr' 
Tr sin ncp' ] 2 cos - n cos 2 = 0 0 
m2 n2 
1T 
ncr' rrka 0.2140rr ~ 
cos 
0 0.2140Tr cos n ka 0 = :::: 
1T 2 n2 [ rrka J 2 2 (~) 2(0.2140rr) - n 
0 
ka n0.2140rr 
= 0.2140 cos ka 
ka ) 2 2 
( 3) 
(0.4280 - n 
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